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Studies on the flora of northern South America—XI . 1 

New or noteworthy monocotyledons 
from British Guiana 

H. A. Gleason 

The genus Carludovica contains at least thirty, and prob¬ 
ably a good many more, species of tropical America. They are 
either acaulescent and palm-like in aspect, or climbers with 
palm-like leaves, and have a very characteristic and unusual 
type of flower-structure. The genus dates back to Ruiz and 
Pavon, who gave in 1798 only the briefest mention of the struc¬ 
tural features of the flower, and not enough to enable one to 
relate their species to modem groups, except in the case of 
the economic species C. palmata . In 1807 Persoon, objecting 
to the length of the name, changed it to Ludovia and trans¬ 
ferred the original five species. Oersted in 1857 proposed the 
genera Sarcinanthus and Evodianthus , described them well, and 
later gave excellent illustrations. Only one species has been as¬ 
sociated with the former name and but three with the latter. 
They were merged with Carludovica by Bentham and Hooker, 
but kept separate by Drude in the Pflanzenfamilien. Bron- 
gniart in 1861 based a new genus on a Guiana plant and gave 
it the name Ludovia, since Persoon’s Ludovia had never come 
into use. Drude founded a fifth genus Stelostylis , with one 
species, in 1881. 

In the meantime numerous species had been described under 
the broad generic concept of Carludovica , and in probably half 
of them the structure of the flowers was not mentioned, or was” 
•stated in the most general terms; many of the species were 
based on completely sterile material, or on living plants in 
ornamental collections, the identity of which is notoriously 
easily lost. As a result, of about sixty species of Carludovica 
which have been proposed, at least half are little better than 
nomina nuda . 

1 Contributions from the New York Botanical Garden, No. 305. 

[The Bulletin for December (55: 479-570) was issued 24 January 1929.] 
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The omission of observation of flower-structure by so many 
botanists is difficult to'account for. Poiteau, as early as 1822, 
gave a description and illustration of one species, the struc¬ 
ture of which is so remarkable that it should have excited every 
contemporary 1 to verify it and to confirm it among other 
species. Hooker gave excellent plates of species built on a plan 
so difficult that it is strange that they escaped segregation as 
genera. Yet Drude in the Flora Brasiliensis mentions the struc¬ 
ture of the staminate flower in only three species out of four¬ 
teen, and a few years later described the genus in the Pflan- 
zenfamilien in the most general terms only. 

Material from British Guiana shows six general types of 
flower-structure, each sufficiently different to be ranked as a 
genus, as indeed two of them have. It seems better, however, 
to keep them in all in Carhidovica as sections, where they are 
just as valuable, or more so in our present lack of knowledge 
of so many other species. If several new genera are to be 
segregated, there will be little left of Carhidovica except the 
Panama-hat plant and its allies, and the remaining species can 
seldom be assigned with any degree of accuracy to a new 
genus because of lack of proper material for study. 

These six subgeneric groups include eight species in British 
Guiana; others occur in Trinidad, Surinam, and French 
Guiana, representing in some cases still other subgenera. The 
association of these eight species with any of the sixty already 
described is very difficult and has been accomplished in only 
two cases. The subgeneric characters are presented in the 
key: 

Receptacle of the staminate flowers flat or concave, the pedicel 
attached excentrically, distinctly asymmetric, the adaxial side 
more or less truncate, the remainder of the margin with 5-8 
spreading lobes; stamens 5-12, on the upper surface, mostly 
marginal; spathes 2 or 3, all at the summit of the peduncle, 
the outer one or two lanceolate to ovate, the innermost en¬ 
closing the spike before anthesis and abruptly contracted 
above into a linear cusp; small or delicate acaulescent plants 
with spadices 1-2 cm, long.Section I. 

Receptacle of the staminate flowers funnelform or deeply concave, 
bearing the numerous (25-50)stamens on the inner surface; 
perianth-lobes 10 or more, symmetrically disposed around 
the margin. 
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Perianth-segments erect, somewhat enlarged distally, terete or 
radially flattened, hollow, imbricate in two series of which 
the outer is the smaller, with short, acute, distinctly in¬ 
dexed tips; spathes 3 or 4, all above the middle of the 
peduncle,... .Section JL 

Perianth-segments tangentially flattened, rather thick and 
fleshy, regularly imbricate in one series. 

Sepals of the pistilllate flower short-triangular, equaling 
the sessile stigmas, all about equal in size; perianth- 
segments of the staminate flower about 12, more than 
1 mm, wide, decurrent on the outside of the receptacle; 
stamens about 50-60, linear-oblong, 1.2-3 mm. long; 
spathes scattered, 8-10.Section IIL 

Sepals of the pistillate flower rhomboid, one opposite pair 
twice as wide as the other, erect; style elongate, stoutly 
pyramidal, 3 mm. long, the cruciform stigmas not wider; 
perianth-segments of the staminate flowers minute, not 
decurrent; stamens about 25, short-oblong or almost 
square, about 0.5 mm. long; spathes 3, near the middle 
of the peduncle, the spadix stipitate.Section IV. 

Receptacle of the staminate flowers flat or nearly so, the pedicel 
expanded above into a solid obconic flat-topped receptacle, 
bearing the numerous stamens scattered over its surface; 
perianth-lobes marginal, small, in one or two series or 
none. 

Receptacle of the staminate flowers nearly or quite sym¬ 
metrical; filaments waxy-white, strongly swollen and sub- 
, globose at base.Section V. 

Receptacle asymmetric, the abaxial side with 4-7 large semi- 
globose submarginal yellow glands; perianth-lobes none; 
filaments slender....... .Section VI. 

Section I. Herbaria contain other specimens which greatly 
resemble the three following in general aspect and which 
doubtless belong also to this section. 

Receptacle of the staminate flowers flat or nearly so, its lobes 4-10, 
those on the abaxial side linear or narrowly triangular; 
filaments^ very short and stout, or the anthers essentially 
sessile, with widely divergent pollen-sacs. 

Filaments 0.2 mm. long; perianth-lobes finger-shaped, obtuse; 

stamens 4-9 .. . f .... C, pygmaea. 

Filaments none; 
stamens 12,. 


narrowly triangular, aen&* 
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Receptacle of the staminate flowers somewhat concave, or be¬ 
coming flattened with age, its lobes about 8, short, obtuse; 

stamens 12; filaments short but very slender; pollen-sacs 

parallel and approximate.. C. nana . 

Carliidovica pygmaea n. sp. Terrestrial, the leaves crowded 
on a short caudex about 5 cm. high; petioles slender, 6-10 cm. 
long, somewhat expanded below, mingled with linear sheaths 
4-5 cm. long; leaf-blades 11-18 cm. long, bipartite for four 
fifths of their length, with a single common midrib, the seg- 
merits linear-lanceolate, 10-13 mm. wide, long-acuminate; pe¬ 
duncles slender, several on each caudex, terete, about 7 mm. 
long; spathes 2, apical, the lower triangular, 20-25 mm. long, 
7-10 mm, wide near the base, gradually tapering into a long 
slender tip, the upper enclosing the spadix before anthesis, its 
body subrotund, abruptly contracted distally into a linear 
cusp 5-7 mm. long; spadix 10-15 mm. long; pistillate flowers 
sessile, the 4 perianth-segments depressed-ovate, nearly con¬ 
cealed, bearing filiform staminodes; stigma cruciform, sessile, 
each lobe obovate; staminate flowers on short flattened pedicels; 
receptacle abruptly expanded, flat, somewhat circular, in¬ 
equilateral, 1.8-2.3 mm. wide, truncate along the smaller 
adaxial side, elsewhere bearing 5-9 obtuse, finger-shaped lobes 
0.4-0.6 mm. long; stamens 1 central and 3-8 near the margin; 
filaments very stout, 0.2 mm. long, prolonged into the stout 
connective so that the oblong pollen-sacs (0.6 mm. long) become 
widely divergent at base. 

Typ e, Hitchcock 17,388, collected in forest at Tumatumari, 
British Guiana, 3-5 Jan. 1920, and deposited in the herbarium 
of the New York Botanical Garden. 

Carludovica insularis n. sp. Plants larger and stouter than 
the preceding; terrestrial; petioles as much as 35 cm. long; 
leaf-blades 50 cm. long, bipartite for three fifths of their length, 
with a single common midrib, the segments 5 cm. wide, not 
notably acuminate; peduncles slender, as much as 3 dm. long, 
mingled below with linear sheaths; spathes 2, apical, the outer 
8 cm. long, ovate-lanceolate below, narrowed above into a 
linear cusp 5 cm. long, the inner broadly ovate-rotund, closely 
enwrapping the spike before anthesis, abruptly narrowed into 
a short linear cusp 8 mm. long; spadix 15-20 mm. long; pedicel 
of the staminate flowers flattened, abruptly dilated into a flat 
receptacle, the latter somewhat pentagonal in shape, about 
3,5 mm. in diameter, truncate on the narrower side, elsewhere 
irregularly 7-9-lobed, the lobes triangular-linear, acute, 1-1.5 
mm. long; stamens 12, some central, the majority near the 
margin or even on the ends of the lobes; anthers.sessile by a 
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broad base, the pollen-sacs oblong, 0.5-0.6 mm. long, approxi¬ 
mate above, widely divergent below. 

Type Broadivay 4066, collected in woods, Tobago, British 
West Indies, 30 Sep. 1911, and deposited in the herbarium of 
the Royal Botanic Gardens in Kew. A second sheet, purport¬ 
ing to be the same collection, has a huge leaf with 3 midribs, 
irregularly lobed above. It is very doubtful if it actually 
belongs here. Another Tobago sheet of the species, collected 
two years later, is much smaller in every way, the petioles and 
peduncles about 1 dm. long and the blades 17-21 cm. long. 

Carludovica nana n. sp. Acaulescent, terrestrial; petioles 
dilated at base, slender, 17-25 cm. long, more or less mingled 
with linear sheaths; leaf-blades 15-20 cm. long, bipartite for 
four fifths of their length, with a single common midrib, the 
segments 15-20 mm. wide, slenderly acuminate; peduncles 
slender, about 2 dm. long; spathes 3, apical, the two outer 
lanceolate, 5 and 4 cm. long, slenderly acuminate, the inner 
broadly ovate at base, closely enfolding the spike, abruptly 
narrowed to a cusp 8 mm. long; spadix 15 mm. long; staminate 
receptacle broadly and shallowly funnel-form, becoming some¬ 
what explanate in age, about 1.5 mm. in diameter, asymmetric, 
the narrower side truncate, the remainder of the margin bearing 
about 8 short, obtuse, irregular lobes; stamens 12, mostly near 
the margin, the pollen-sacs broadly oblong, 0.4-0.6 mm. long, 
parallel and opposite on very slender filaments 0.4 mm. long. 

Type collected by R. II. Schomburgk, without number, in 
stony beds of rivers and brooks in the Serra Mey, British 
Guiana, and deposited in the herbarium of the Royal Botanic 
Gardens at Kew. .. 

Section II. Only one species has been described in such 
terms that it can be authentically referred to this section, 
C. funifera (Poit.) Kunth, a plant of French Guiana, with 
leaves which are bifurcate only in the distal third, according to 
Poiteau; To this we now add a second; 

Carludovica coronata n. sp. Stems stout, climbing to a 
height of 15 m.; petioles 15-30 cm. long, sheathing at base, 
channeled on the upper side; leaf-blades 3.5-6.5 dm. long, 
bifurcate for two thirds to four fifths of their length, or rarely 
less, with a single common midrib, the segments many-veined, 
acuminate, 25-50 mm. wide; peduncles 15-20 dm. long; spathes 
2-4, at or near the summit, ovate to ovate-lanceolate, acumi- 
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nate, soon deciduous, exceeding the spike; spadix 3-5 cm. long; 
staminate flowers obconic on a short pedicel, about 4 mm. in 
diameter, perianth-lobes about 20, biseriate, terete or slightly 
flattened radially, hollow, rounded on the top, the actual tip 
acute and infiexed, the inner series somewhat obovoid, the 
outer similar but smaller; stamens about 24, in two circles of 
about 12 each, on the inside of the deeply concave receptacle; 
anthers oblong, 0.6 mm. long, about equaling the slender 
filaments. 

Type, De La Cruz 4444, collected at Kaieteur Falls, British 
Guiana, 23 Oct.-3 Nov. 1923, and deposited in the herbarium 
of the New York Botanical Garden. The species is widely dis¬ 
tributed through British Guiana, and is represented at Kew 
or New York by Appun 259, Jenman 736 , 1317 , Hitchcock 
16,988 , Gleason 150, De La Cruz 1445, 1934, 3285 , and the 
type. 

Section III. The manuscript name of C. sarmentosa was 
was applied by Sagot to a specimen from French Guiana, but 
was never published by him. Drude published it for Sagot, 
citing only Brazilian material and possibly drawing his de¬ 
scription from that rather than from the Guiana plant. A 
specimen at Kew of the original collection enables us to refer 
the species to this group. 


Spathes broadly rotund to subcordate at base. C. sarmentosa . 

Spathes narrowed to the base. C. bracteosa . 


Carbide vica bracteosa n. sp. Stems climbing; petioles about 
1 dm. long, flattened or channeled above; leaf-blades tripartite 
for about two thirds of their length, inequilateral, the single 
midrib running to one sinus, the single segment 2-3 cm. shorter 
at base than the double segment, all segments 3-5 cm. wide, 
acuminate, 7-10 costate, somewhat plicate; peduncles stout, 
IS cm. long; spathes about 10, evenly distributed, the lowest 
lanceolate, 2 cm. long, the upper enlarged, linear-oblong, 8-10 
cm. long, acute, narrowed to the base; spike ovoid, 4-5 cm. 
long; perianth-segments of the pistillate flowers erect, tri¬ 
angular, acute, 3 mm. long and wide, equaling the cruciform 
stigmas; staminodes about 3 cm. long; staminate flowers 
campanulate, on a pedicel 3.5 mm. long, the hollow interior 
2.7 mm. deep; perianth segments 12, 3 mm. long, only the 
distal 1 mm. free, the whole segment linear-oblong, decurrent 
on the receptacle, contiguous below, abruptly dilated at the 
free tip to 1.5-1.7 mm. wide and half overlapping with adjacent 
segments, rounded or barely retuse at the fleshy pinkish tip; 
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stamens about 60, covering the inside of the flower; filaments 
slender, 0.8 mm. long; anthers erect, linear-oblong, the central 
2.7 mm., the others progressively reduced to 1.2 mm. long. 

Type, De La Cruz 1505 , collected at Dadanawa, British 
Guiana, 14 June 1922, and deposited in the herbarium of the 
New York Botanical Garden; a second sheet is De La Cruz 
1309 . 

C. Kegeliana Lem., described as having ten spathes, may 
also belong to this section. 

Section IV. Stelostylis (Drude, as genus). The essential 
feature of Drude’s genus is the elongate style, but it may be 
distinguished, at least from Guiana species, equally well by 
staminate structures. The following differs from Drude’s 
Stelostylis coriacea in its long petioles and peduncles, promin¬ 
ently veined leaves, and 25 stamens. 

Carludovica stylaris n. sp. Petioles 6 dm. long; leaf-blades 
7 dm. long, bifurcate for three fourths of their length, with a 
single common midrib, the segments 6 cm. wide, abruptly acu¬ 
minate, prominently 7-8-nerved; peduncles 2—2.5 dm. long, 
stout, slightly angular, invested at base by 2-3 elliptical obtuse 
or acute sheaths 4-5 cm. long; spathes apparently 3, the lower 
somewhat beyond the middle, the upper 2-3 cm. below the 
spike, narrowly lanceolate, 8 cm. long; spadix becoming 5 cm. 
long at maturity; perianth-segments of the pistillate flowers 
thick and woody, 3 mm. long, 1.5 or 3 mm. wide, obtuse; 
style stout, pyramidal, 4-angled, 3 mm. long, the cruciform 
stigmas 2 mm. in expanse; staminate flowers fuunciform or ob- 
conic, 2 mm. long, fleshy, the receptacle concave within; 
perianth-segments about 12, erect with recurved margins, semi¬ 
circular, fleshy and rounded, 0.3 mm. long, 0.4-0.6 mm. wide; 
stamens about 25, covering the receptacle; anthers nearly 
square, 0.5 mm. long, flattened tangentially, on slender fila¬ 
ments 0.2 mm. long. 

Type, Jenman 898 , collected on trunks of trees and rocks, 
in forests near the Kaieteur savanna, British Guiana, Sep.~ 
Oct., 1881, and deposited in the herbarium of the Royal Botanic 
Gardens at Kew. Field notes state that the stem is two inches 
thick and not climbing. 

-Section V. Sarcinanthus (Oersted, as genus). A sheet of 
Jenman 900 , from British Guiana, matches nicely with the 
type collection of Carludovica latifrons Drude and is referred to 
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that species* while its flower structure shows clearly that it is 
related to Oersted's species and to the few others that have 
elsewhere been described with similar characters. 

Section VI. I know of no other published species with 
which the following may be compared. 

Carludovica glandtilosa n. sp. Terrestrial, acaulescent; 
petioles slender, 4 dm. long, channeled and wing-margined 
throughout, very gradually expanded into the blade; leaf- 
blade about 11 dm. long, bifurcate, the segments 14 cm. wide, 
acuminate, many-veined; peduncles 8-10 cm. long, bearing 
above the middle 3 ovate-oblong, sessile and clasping, acu¬ 
minate spathes 5-6 cm. long; spadix on a stalk 1 cm. long, 
ellipsoid or cylindric, 25-30 mm. long; staminate flowers woody, 
asymmetric, flat on top, 2.2 mm. in diameter, obconic; perianth- 
segments none; receptacle bearing on the outer side, just below 
the margin, 4-7 semiglobose yellow glands, the largest 0.6 
mm. in diameter, the smaller ones at the ends of the row half 
as large; stamens about 25; anthers oblong, 0.6 mm. long by 
0.4 mm. wide, on slender filaments 0.2 mm. long. 

The type is Jenman 2105 , collected in the Mt. Russell 
District, British Guiana, and deposited in the herbarium of the 
Royal Botanic Gardens at Kew. 

. Anthurium expansion n. sp. Section Schizoplacium: 
epiphytic, probably scandent, the stem stout and thick; leaf- 
blades ample, thinly membranous, 7-parted; central three lobes 
separate to the base, elliptic-oblong, 35-40 cm. long by 12 cm. 
wide, gradually narrowed above to a slender cusp 2 cm. long, 
long-cuneate below to a sessile base; two lateral lobes on each 
side connate for about 8 cm. above the inequilaterally cuneate 
base, the inner lobe narrowly elliptic-oblong, 35 cm. long, 8 
cm. wide,^ the outer lobe falcate-lanceolate, 28 cm. long by 
4.5 cm. wide, inequilateral at base and slenderly acuminate; 
costae elevated on both sides, the lateral veins 8-12 mm. apart, 
plane or somewhat depressed above, prominulous beneath, 
ascending at an angle of 50-60° and confluent into a collective 
nerve 2-3 mm. from the margin; peduncle at least 3 dm. long; 
spadix narrowly conical, 15 cm. long; spathe linear-lanceolate, 
equaling the spadix. 

Type, Lang 223 , collected at Kurupung, Mazaruni River, 
British Guiana, 23 Nov. 1922, and deposited in the herbarium 
of the New York Botanical Garden. Anthurium expansutn 
appears to be most closely related to A. Andersonii Schott, 
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and differs in its much larger, 7-parted leaves with elliptic 
lobes, in its submarginal collective nerve, and in its larger 
spatlie and spadix. 

Anthurium glaucophyllum n. sp. The name is proposed to 
cover a plant from British Guiana, cultivated at Kew, where 
it flowered in October, 1891, and where type material is con¬ 
served in the herbarium. Petioles slender, 4 dm. long; leaf- 
blades oblong-lanceolate, thin but firm,, 5 dm. long, 13 cm. wide, 
acute, broadly rounded at base, very glaucous beneath; lateral 
veins numerous, 1-2 cm. apart, ascending at an angle of 60°, 
veinlets prominent beneath, conspicuously reticulate above; 
collective nerve prominent, about 1 cm. from the margin; 
peduncle slender, 5 dm. long; spathe narrowly ovate-oblong, 
4 cm. long, erect, equaling the slender spadix. 

Anthurium potarense n. sp. Section Semaeophyllium; 
stem not known; petiole slender, 3-4 mm. in diameter, sub- 
terete, channeled on the upper side, 4-5 dm. long (or more); 
blades firm in texture, drying brownish green, deeply 5-lobed, 
the central three lobes narrowly obovate-oblong, 7—11 cm. wide, 
32-40 cm. long, gradually tapering to an abruptly acuminate 
tip, long-cuneate at base, the outermost lobes narrowly oblong, 
27-30 cm. long, 5-6 cm. wide, acuminate, connate with the 
interior lobes for 1-2 cm., equilateral except for a semicircular 
basal lobe about 6 cm. in diameter; lateral veins prominent, 
arising at an angle of about 75°, slightly arcuate and confluent 
into a collective nerve 3-5 mm. from the margin; veinlets 
prominently reticulate; peduncle at least 2 dm. long; spathe 
narrowly lanceolate, about equaling the spadix, which is 
slenderly cylindric, 10 cm. long. 

Type, Jenman 7466 , collected on the Potaro River, British 
Guiana, Oct. 1898, and deposited in the herbarium of the 
Royal Botanic Gardens at Kew. A . potarense seems to be most 
closely related to A. fissum C, Koch, but the leaves are much 
more deeply lobed. 

Anthurium obovatum n. sp. Stems elongate, climbing by 
rootlets, 2 cm. in diameter, the internodes 3-5 cm. long; 
petioles 6-7 dm. long, winged along the upper side for 15 cm. 
at the base, the remainder slender, channeled above; leaf-blades 
7-parted, rather thin but firm; middle 3 segments distinct to 
the base, obovate, 4-4.5 dm. long, 16-17 cm. wide, abruptly 
rounded above to a falcate apiculum 1 cm. long, narrowed below 
the middle to a long-cuneate, petiole-like, winged base; lateral 
veins 10-20 mm. apart, ascending at an angle of 60° and very 
slightly arcuate, connected by a collective nerve about 5 mm. 
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from the margin, elevated on both surfaces; veinlets prominu- 
lous beneath and conspicuously reticulate; fourth and fifth 
segments resembling the preceding and only slightly smaller, 
their base more broadly winged and connate with the outermost 
segments for 4 cm. above the base, their midribs not confluent; 
outermost segments narrowly obovate, 35 cm. long, 12 cm. wide, 
apiculate, the inner margin long-cuneate below to the point of 
confluence with the inner segment, the outer margin with a 
thumb-like basal projection, its free limb oblong, apiculate, 
10 cm. long above the narrow sinus, 6 cm. wide, traversed by the 
usual collective nerve and by a costa which leaves the midvein 
of the segment 6 cm. above its base and is denuded on the 
outer side for 8-9 cm. above the summit of the petiole, its outer 
margin broadly rounded below to a cuneate base; peduncle 
stout, 3 dm. long, oval in section; spathe linear-oblong, 2 dm. 
long, 3 cm. wide, apiculate, conspicuously veined; spadix stout, 
purple, 2 dm. long, 2 cm. in diameter as pressed. 

Type, Altson 475 , on tree trunks in the forest, Anandabaru, 
Kopinang River, British Guiana, April, 1926, deposited in the 
herbarium of the Royal Botanic Gardens at Kew. It is a mem¬ 
ber of the section Schizoplacium and differs from the related 
species in the size of the spathe and spadix and the characters 
of the leaf. 

Dieffenbachia paludicola N. E. Brown. Perhaps stemless; 
petiole 20 cm. or more long, and in the dried specimen 2 cm. 
thick; blade cuneately oblanceolate, acute, uniformly green, 
about 75 cm. long and 18 cm. broad at about 25 cm. below the 
apex, thence gradually narrowing into the petiole; midrib 
stout; primary lateral veins about 12, curved, ascending; 
peduncle about 30 cm. long, and in parts of the dried specimen 
8 mm. thick, so probably much stouter when alive; spathe 
about 32 cm. long and in the dried state about 2 cm. in diameter, 
shortly acute at the apex, apparently green; adnate part of the 
spadix about two-thirds as long as the spathe, with the fertile 
and barren flowers laxly scattered along it; ovary 2-3-celled; 
male part of the spadix not seen. 

British Guiana: in a swamp near the Penal Settlement, 
Hitchcock 17030 (type in herb. New York Botanical Garden). 
In all probability Jenman 5771 is the same species, but the 
specimen at Kew is too imperfect to decide, only the upper 
part of the leaf being represented. It was collected on the 
Essequibo River and is stated to be ‘acaulescent, gregarious 
in water in forests, no clear petiole/ 
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Philodendron, demerarae n. sp. Stems acaulescent, epiphy¬ 
tic; peticles stout, not winged, 3-6 dm. long, 1 cm. wide or less 
when pressed; leaf-blades cordate-sagittate, the margin at the 
base distinctly ascending from the summit of the petiole to 
form a broadly cuneate base, thence at once spreading or some¬ 
what recurved into the basal lobes, which are semi-circular or 
depressed ovate, broadly rounded, and somewhat divergent; 
terminal lobe triangular-ovate, somewhat longer than broad, 
acute to abruptly acuminate; lateral veins from the midvein 
-12—18 on each side, the upper straight and ascending at an angle 
of about 60°, the lower 3-5 approximate at base, spreading at 
right angles or recurved and gradually diverging in the basal 
lobes, the lowest veins not naked in the sinus; lateral veins of 
the second rank fine, closely parallel, about 1 mm. apart; 
peduncle apparently 5 cm. long, slender; spathe 7—10 cm. long, 
purple at base, white above, closely convolute below; spadix 
about 7 cm. long, of which the basal fourth is pistillate and 
scarcely swollen, and the terminal two-thirds is staminate; 
ovules numerous in a vertical row in each loculus. 

Type, Hitchcock 16,987 , collected on trees in wet forest 
southeast of Lamaha Stop-Off, British Guiana, Nov. 27, 1919, 
and deposited in the herbarium of the New York Botanical 
Garden. Other sheets referred here are Jenman 5759 from the 
Essequibo River and Gleason 121 from Tumatumari. The 
leaves measure 32, 42, and 44 cm. along the midvein of the 
terminal lobe by 23, 35, and 41 cm. wide. 

Philodendron platypodum n. sp. Stem slender, climbing, 
the internodes 2-3 cm. long; petioles stout, 8-10 cm. long, 
broadly winged to the summit, 15 mm. wide at base, 10 mm. 
at the rounded apex; leaf-blades firm in texture, elliptic, 
distinctly inequilateral, 21-23 cm. long, 9.5-11 cm. wide, 
abruptly narrowed above to a cusp 1 cm. long, broadly rounded 
at base; principal lateral veins 6-9 on each side, ascending at 
an angle of 70 6 , scarcely more prominent than the secondary, 
which are 1 mm. apart; peduncle stout, 2.5 cm. long; spathe 
12 cm. long, green within and without, closely convolute at 
base, not obviously constricted, partially expanded and cuspi¬ 
date above; spadix 13 cm. long. 

Type, Jenman 5762 , collected at Lama, British Guiana, 
Apr. 1889, and conserved in the Jenman Herbarium. The 
species is a member of the section Pteromischum , and finds its 
nearest relative in P. cannifolium (Rudge) Engler, which differs 
in its narrower, thinner leaves, cuneate to the base and more 
distinctly acuminate, and in its cream-colored, spotted spathe. 
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Philodendron subsessile n. sp. Stems slender, climbing, 
the flexuous mterno'd'es 2.5-5 cm. long, the nodes marked by 
lanceolate cataphylls 2 cm. long; petioles slender, wingless, 
5—15 mm. long; leaf-blades thin, dark green, cordate-ovate, 

5- 9 cm. long, 3-7 cm. wide, abruptly acuminate into a short 
filiform cusp 1-2 mm. long, the basal lobes rounded, separated 
by a narrow sinus about equaling the petiole; lateral veins 
about 6 on each side, poorly developed, more or less approxi¬ 
mate toward the base of the leaf. 

Type, Gleason 460 , collected in dense forest at Tumatumari, 
British Guiana, 18 June-8 July 1921, and deposited in the 
herbarium of the New York Botanical Garden. Other speci¬ 
mens from Guiana are Gleason 461, De La Cruz 1029 , and De La 
Cruz 3708 . These all have smaller and proportionately narrower 
leaves, but differ from the type in no essential respect. 

Philodendron dioscoreoides n. sp. Stems slender, climbing, 
the comparatively straight internodes 5-7 cm. long; cataphylls 
at the nodes apparently none; petioles 3-6 cm. long, nearly 
equaling the blade, conspicuously winged on the basal half or 
nearly to the summit; leaf-blades narrowly cordate-ovate, 

6- 9 cm. long, 4-6 cm. wide, acuminate into a slender cusp 2-3 
mm* wide and about 1 cm. long, often falcate, the basal lobes 
rounded, separated by a broad shallow sinus; principal lateral 
veins poorly developed, about 6 on each side. 

Type, Gleason 459 , collected in dense forest at Tumatumari, 
British Guiana, 18 June-8 July 1921, and deposited in the 
herbarium of the New York Botanical Garden. Other speci¬ 
mens are Bartlett 8125 and Gleason 449 , both of which have 
smaller leaves than the type. 

P* subsessile and P. dioscoreoides both represent: sterile 
species, possibly juvenile, or possibly sterile because of some 
environmental deficiency. Both were common in the forest 
at Tumatumari, but repeated search failed to reveal any con¬ 
nection between either of them and other fertile species. 
Both are related to P. micans . 

Rhodospatha venosa n. sp. Stem high-climbing, with both 
aerial and hold-fast roots, woody, the internodes about 12 cm. 
long by 1 cm. in diameter; petioles slender, vaginate to the 
geniculus, which is 15 mm. long; blades membranous, green 
on both sides, ovate-oblong, 33 cm. long by half as wide, 
abruptly acute, rounded at base; principal lateral veins 1 cm. 
apart, scarcely more prominent than the secondary (1-1.5 mm. 
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apart), ascending at an angle of 45-60°; leaves on the peduncle 
3, bladeless, strongly vaginate, narrowly linear, 13 cm. long, 
borne 6 cm. below the summit; spathe not seen; spadix cylin- 
dric, obtuse, 8 cm. long, on a stipe 1 cm. long; flowers all per¬ 
fect. 

Type, Gleason 153, from dense upland forest, Tumatumarl, 
British Guiana, in the herbarium of the New York Botanical 
Garden. It is apparently related to R. Melinoni (Engl.) Engl, 
and Krause, in which the leaf is glaucous beneath, with the 
veins leaving the midrib almost at right angles. 

Syngonium connatum n. sp. Leaf-blades conspicuously 
bluish-green above, dull green beneath, deeply 3-parted; ter¬ 
minal segment elliptic to rhombic-elliptic, 25-40 cm. long, IS¬ 
IS cm. wide, abruptly short-acuminate, equilateral, narrowed 
to a broadly sessile base; lateral segments ovate, 20-30 cm. 
long, 9-14 cm. wide, acute, strongly inequilateral or somewhat 
falcate, the upper side two-thirds as wide as the lower, con- 
cavely cuneate at base into a wing 1 cm. wide confluent with 
the central segment, the lower side broadly rounded or sub- 
cordate to an abruptly cuneate base, the stalk naked for 
15-20 mm.; all lateral veins nearly parallel, straight or slightly 
arcuate below, curved forward near the margin, and finally 
confluent, but without forming a definite collective nerve. 

Type, Jenman 5756 , collected along the Rupununi River, 
British Guiana, Oct. 1889, and deposited in the herbarium of 
the Royal Botanic Gardens at Kew. Only the leaf-blades are 
available on the three sheets examined. The great size, bluish 
or glaucous tint, and broadly winged base of the lateral leaflets 
distinguish it from all other species seen by me. 

Syngonium ternatum n. sp. Stems climbing, juice milky; 
petioles about 3 dm, long, conspicuously wing-margined for 
about half their length; leaf-blades membranous, bright green, 
trifoliate; terminal segment nearly sessile, equilateral, oblong, 
17-18 cm. long, 6-7 cm. wide, obtuse, narrowed to the base, 
the lateral veins ascending irregularly at an angle of about 45°, 
united into an obscure collective nerve about 8 mm. from the 
margin; lateral segments elliptic, inequilateral or somewhat fal¬ 
cate, as long as the terminal, obtuse or subacute, the inner half 
cuneate to an acute base, the outer half narrowed to an obtuse 
or slightly cordate base; stalks of the lateral segments 10-15 
mm. long, naked on the basal side, very narrowly winged on the 
distal; peduncles axillary, about 1 dm. long, clavate above; 
spathes and spadix not seen; the syncarpous berry yellow, 3 cm. 
long. 
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Type, Be La Cruz 1288 , collected along the Warn! River, 
British Guiana, 6 Feb. 1922, and deposited in the herbarium of 
the New York Botanical Garden. Be La Cruz 1469 , from the 
upper Rupununi River, is also referred here: it has leaves 
22 cm. long, the lower half of the lateral segments subcordate 
at base, and a fruit with about 10 carpels. The species most 
nearly resembles S . yurimaguense Engl, from Peru, which has 
smaller and proportionately narrower leaflets with a rather 
prominent basal lobe, and petioles winged for three-fourths of 
their length. 

Paepalanthus Jenmani n. sp. Caudex very short, thinly 
lanate; leaves densely cespitose, soft and lax, erect, narrowly 
linear, 1-2 mm. wide, 8-12 mm. long, glabrous, subulate- 
tipped; peduncles 20-25 cm. tall, roundly 3-costate, glabrous, 
twisted, their sheaths strongly twisted, sparsely hirsute, 4-5 
cm. long, with long-oblique orifice and subscarious lamina; 
heads hemispheric, 3-5 mm. wide; involucral bracts broadly 
ovate to ovate-oblong, appressed, regularly imbricate in sev¬ 
eral series, glabrous; receptacle hairy; staminate flowers: 
pedicel very slender, glabrous, 1.3-1.7 mm. long; perianth 
hyaline; sepals free, glabrous, elliptic-obovate, obtuse, 1.7 mm„ 
long; petals free, narrowly obovate, 2 mm. long, obtuse or 
rounded at apex, glabrous; stamens 3, inserted on the very base 
of the corolla, opposite the petals, about equaling the sepals, 
the filaments slender, the anthers 2-locular; pistillate flowers 
sessile; sepals free, elliptic, 1.5 mm. long, obtuse, glabrous; 
petals subulate-spatulate, erect and closely appressed to the 
pistil, 2.3 mm. long, 0.1-0.2 mm. wide, densely hirsute through¬ 
out with erect hairs; staminodes none; ovary glabrous, thick- 
fusiform 0.5-0.6 mm. long; style very short; stigmas 3, filiform, 
simple; appendages 3, inserted at base of stigmas, erect, 
narrowly clavate, just equaling the stigmas. 

Type, Jenman 1032, collected on the Kaieteur savanna, 
British Guiana, Sep-Oct. 1881, and deposited in the herbar¬ 
ium of the Royal Botanic Gardens at Kew. ft is most closely 
related to P. capillaceus Klotzsch, from which it may be dis¬ 
tinguished by its wider leaves and narrower, densely hirsute 
petals in the pistillate flowers. 

Syngonanthus brevifolius n. sp. Stems tufted, freely 
branched, 3-5 cm. long, somewhat lanate, leafy in the terminal 
centimeter; leaves crowded, recurved or spreading, narrowly 
lanceolate, 4-6 mm. Ipng, 1 mm. wide, glabrous, prominently 
nerved; peduncles solitary in some of the upper axils, 10-16 
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mm. long, slender, 3-angled, somewhat twisted, sparsely hirtel- 
lous and occasionally glandular; sheaths ample, 3-4 mm. long, 
glabrous, obliquely truncate at the summit to form an obtuse 
lamina 1.2 mm. long; heads 2-3 mm. in diameter; outer bracts 
about 5, broadly oblong-elliptic, 1.1-1.5 mm. long, 0.9-1.1 
mm. wide, glabrous or nearly so, membranous, rounded at 
apex; inner bracts oblong, obtuse, 1.2 mm. long by 0.5 mm. 
wide, glabrous; pistillate flowers: pedicel 0.7 mm. long, hir¬ 
sute; sepals scarious, obovate-oblong, symmetrical, 1.0 mm. 
long by 0.5 mm. wide, rounded at apex, glabrous; petals sepa¬ 
rate, scarious, spatulate-obovate, 1.2 mm. long, 0.5 mm. wide, 
glabrous, rounded at the apex; style 0.2 mm. long, bearing 3 
simple stigmas without appendages; staminate flowers: sepals 
scarious, cuneate-obovate, 1.0 mm. long, 0.4 mm. wide, 
glabrous, rounded at apex; petals connate into a broadly ob- 
conic tube 0.7 mm. long, not involute, crowned with 3 lobes 
0.15 mm. long; stamens exserted. 

The type is Jenman 4755 , collected at Bartica, British 
Guiana, Nov. 1888, and deposited in the herbarium of the 
Royal Botanic Gardens at Kew. 5. brevifolius is related to 
S. anomalus Ruhl., but differs in its much shorter leaves, with 
firm texture and prominent nerves, and its shorter, glabrous, 
truncate peduncular sheaths with obtuse lamina. 

Syngonamtiius longipes n. sp. Caudex short and stout, 
woolly; basal leaves densely cespitose, firm or rigid, ensiform- 
linear, 6-9 cm. long, 3-6 mm. wide, obtuse, glabrous, the nerves 
about 9, prominent beneath; flowering branch single, 2-3 dm. 
long, terete, glabrous; involucral leaves resembling the basal, 
numerous, acute; peduncles 4-14, each 2-4 dm. long, somewhat 
twisted, costate, glabrous, their sheaths obliquely cleft, multi- 
striate, acute; heads subglobose, 4-6 mm. wide; outermost 
bracts nearly rotund, the middle ones broadly obovate, the 
inner oblong-obovate, all glabrous, rounded at apex, ranging 
from 1.7 mm. long and 1.4 mm. wide to 2.3 mm. long by 1.2 
mm. wide; subtending bracts narrowly obovate-oblong, 2.2 
mm. long, just equaling the flowers; staminate flower: sepals 
obovate, 1.5 mm. long, 0.7 mm. wide, subacute, nearly glab¬ 
rous; corolla tubular for 0.4 mm., campanulate above; pistillate 
flower: sepals narrowly obovate-oblong, 2.0 mm. long by 0.8 
mm. (posterior) or 0.6 mm. (lateral) wide, obtuse, scarious at 
margin, nearly glabrous; petals 2 mm. long, densely hirsute, 
especially below, clearly separate at base, 0.4 nun. wide at the 
middle, conflate above into a subulate, claw-like organ beyond 
the styles; ovary 0.7 mm. long; style, including appendages, 
0.5 mm. long; stigmas filiform, about 1.0 mm. long. 
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Type, Appun 1199 , from the Roraima district of British 
Guiana, in the herbarium of the Royal Botanic Gardens at 
Kew; other specimens are Schomburgk 1060 and Im Thurn 33, 
The type was reported by Oliver as Paepalanthus Schomburkgii 
Klotzsch and this name is written on the Appun sheet but not 
on either of the two Schomburgk specimens. The descriptions of 
P . Schomburgkii do not agree with this plant in many important 
respects, nor do they cite any collection number. 

Syngonanthus tricostatus n. sp. Leaves densely cespitose 
on a short caudex, ansiform-linear, thick, rigid, subcartilaginous 
with obtuse margins, 4-7 cm. long, 2-3 mm. wide, sharply acute, 
strongly twisted, many-nerved, glabrous, gradually dilated at 
base; peduncles solitary, 20-25 cm. high, strongly twisted, 
tricostate, glabrous, the sheath 35-65 mm. long, about equaling 
the leaves, oblique, sharply acute and subscarious at the apex; 
heads campanulate, 6-7 mm. high, the involucre 4 mm, high, 
conspicuously exceeded by the silvery flowers; bracts regularly 
imbricate, glabrous, broadly ovate-oblong, the exposed portion 
rotund, brown, obtuse or rounded, scarious at the margin; 
receptacle flat; staminate flowers: pedicels 2 mm. long; sepals 
separate, erect, scarious, narrowly oblong-elliptic, 2.7 mm. 
long by 0.5-0.6 mm. wide, glabrous, obtuse or subacute, the 
lateral slightly falcate; petals connate below for 1 mm. into a 
short, slightly funnelform tube, thence separate, erect, nar¬ 
rowly oblong-ovate, obtuse or subacute, scarious, glabrous, the 
free lobes 3 mm. long, 0.8 mm. wide; filaments filiform, anthers 
2-thecous; pistillate flowers: pedicels none; lateral sepals nar¬ 
rowly oblong, conspicuously falcate, 2.2 mm. long, acute; 
posterior sepal 2.6 mm, long, symmetrical, narrowly oblong- 
lanceolate, acute; all sepals hyaline and glabrous; petals 3.5 
mm. long, strictly erect and connivent, narrowly spatulate, 
the hyaline glabrous blade closely involute and appearing subu¬ 
late, lower fourth of the petal densely hirsute with erect brown 
hairs covering the whole claw; ovary sharply 3-angled. 

Type, R. H. Schomburgk , first collection, without number, 
from the Roraima district in British Guiana, deposited in the 
herbarium of the Royal Botanic Gardens at Kew. If differs 
from S . xeranthemoides in its very thick, glabrous, subcartilagi¬ 
nous, obtuse-margined, strongly twisted, proportionately 
broader, actually shorter leaves, the longer peduncular sheaths, 
the smaller heads and the more scarious-margined bracts. 

Abolboda rigida n. sp. Leaves cespitose, numerous, erect, 
15-20 cm. long, 5-7 mm. wide, thick and rigid, prominently 
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dilated at base, pungent at apex; scapes 3, rather stout, gla¬ 
brous, 6-8 dm. high; bracts a single opposite pair somewhat 
above the middle of the scape, loosely erect, broadly linear, 
sheathing and overlapping below, scarious-margined, tapering 
to the pungent tip, 3-5 cm. long; heads broadly ovoid or sub- 
globose, 14-18 mm. long, many-flowered; involucral bracts 
firm, scarious at margin, finely veined, the outermost ovate, 
the inner gradually elongate; sepals 2, naviculate, carinate, 
oblong, 13 mm. long by 3 mm. wide as folded; corolla-tube 
slender, 13 mm. long, its lobes broadly round-obovate, ,10 mm. 
long; filaments slender, nearly 5 mm. long; anthers 2 mm. long, 
prominently prolonged at base; ovary obovoid, 4 mm. long; 
style very slender, 15 mm. long, the two slender appendages 
attached 2 mm. from the base, 4 mm. long and abruptly re- 
curved near the middle. 

Type, Schomburgk 146.5 , from British Guiana, in the her¬ 
barium of the Royal Botanic Gardens at Kew. It is most 
closely related to A. poarchon Seub., of which I have seen the 
type. The latter is a smaller, more slender plant with shorter 
and narrower leaves, somewhat narrower and more pointed in¬ 
volucral bracts, and narrower, conspicuously acuminate sepals. 

Xyris cyperoides n. sp. Section Nemaiopus; cespitose, 
essentially acaulescent, the leaves at base more or less sur¬ 
rounding the scapes and often somewhat twisted and stemlike 
in aspect; leaf-blades filiform, 10-16 cm. long, 0.3-0.4 mm. wide 
by half as thick, the edges obtuse, the sides minutely scab- 
rellate under a strong lens, gradually expanded below into a 
narrow scarious sheath; scapes about equaling the leaves, not 
flattened, several-ribbed; heads obovoid, becoming obconic 
under pressure, 3-4 mm. long; bracts erect or loosely appressed, 
becoming spreading when pressed, obscurely carinate, the outer 
most ovate-lanceolate, acute, the upper narrowly ovate, acu¬ 
minate, only the uppermost one or two fertile; lateral sepals 
free, 3.5 mm. long, linear-spatulate, carinate, inequilateral, 
the narrower side firm and entire, the broader side hyaline and 
often lacerate near the middle, the keel entire; petals and 
stamens not seen; placentae basal. 

Type, Jenman 1056 , from Kaieteur savanna, British 
Guiana, Sep-Oct., 1881, deposited in the herbarium of the 
Royal Botanic Gardens at Kew, It is a member of Malme’s 
Stirps X . guianensis, and is most closely related to X. subuniflora 
Malme and X . Grisebachii Malme. From the former it differs 
in its long leaves and narrow sheaths. 
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Rapatea viscosa n. sp. Leaves all basal, linear, 2 m. long, 
the basal sheath flat, 3 dm. long, 25 mm. wide, the blade 4 cm. 
wide, narrowed to the base; peduncles stout, erect, 6-9 dm. 
high, strongly angled and dilated above; involucre of four 
bracts, at first erect, more or less connate, enclosing the heads, 
and covered with mucus, later separate and reflexed, brown, 
membranous or subscarious, the outer pair narrowly triangular, 
10 cm. long, 30-35 mm. wide at the base, the inner linear- 
triangular, 4-7 cm. long, 1 cm. wide at base; heads semiglobose, 
4 cm. in diameter, on a broadly conic, fleshy receptacle 15 mm. 
high; flowers sessile; bracts about 15, stiff, coriaceous, imbri¬ 
cate, ovate-lanceolate, acuminate to a short subulate tip, the 
largest 14 mm. long, the innermost slightly shorter; sepals 
lanceolate, bracteoid, long-acuminate, 12 mm. long. 

Type, Alison 388 , common among sandstone boulders, on 
top of the escarpment, Kurupung Mountains, British Guiana, 
1 Sep. 1925, deposited in the herbarium of the Royal Botanic 
Gardens at Kew. If differs from the other three Guiana species 
in the presence of four bracts enclosing the sessile flowers. 

Stegolepis angustata n. sp. Acaulescent herb; leaf-sheaths 
distichously imbricated at base, strongly folded longitudinally, 
firm or subcoriaceous, narrowly elliptic, 2-5 cm. wide, 15-20 
cm. long, gradually narrowed to the acute apex, finely nerved; 
leaf-blades linear, 2-3 cm. wide, 6-8 dm. long, gradually acu¬ 
minate to an obtuse tip, long-cuneate at base, finely many- 
nerved; scape axillary, apparently single, 8-12 dm. tall, slen¬ 
der, prominently angled below, somewhat quadrangular and 
flattened above; involucre none; heads 3-4 cm. in diameter, 
the flowers sessile, 15-17mm. long; bracts pale brown, cori¬ 
aceous, rigid, regularly imbricate in several series, obtuse, the 
outer short-ovate, the inner oblong; sepals ovate-lanceolate, 
acute, 15 mm. long; petals with sub-rotund blade, the claw-like 
bases somewhat connate; anthers linear-lanceolate, 4-loeular, 
opening by a single oblique terminal pore; ovary 3-celled, the 
ovules several in each cell. 

Type, Jenrnan 958 , collected on the Kaieteur savanna, 
British Guiana, Sep.-Oct. 1881, and deposited in the herbarium 
of the Royal Botanic Gardens at Kew. It differs from S. 
guianensis Klotzsch, of Roraima, in its tapering sheaths, curieate 
leaf-bases, and pale brown bracts; from S. ferruginea Baker, 
also of the Kaieteur region, in its tapering sheaths, pale brown 
bracts, solitary peduncles, and large flowers and heads. 

Tofieldia rupestris n. sp. Leaves cespitose (not distichous), 
coriaceous, at the summit of a short stout rhizome, broadly 
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linear, erect and spreading, 4-9 mm. wide, 6-15 cm. long, long- 
acuminate, glabrous; scape 1-2 dm. high, the upper half or 
two-thirds floriferous; peduncle w r ith several appressed, scari- 
ous, linear bracts 1-2 cm. long; pedicels single, subtended by 
scarious lanceolate bractlets 3 mm. long; pedicels 5 mm. long 
at an thesis, spreading, becoming 1 cm. long in fruit; involucel 
none; flowers perfect, hypogynous; perianth-segments distinct, 
white, petaloid, thinly membraneous, obtuse, in two broadly 
overlapping series, 3 mm. long, the outer ovate, 1.2 mm. wide, 
3-nerved, the inner elliptic, 1 mm. wide, 1-nerved; stamens 6, 
erect, distinct, inserted on the base of the perianth; filaments 
linear-oblong, flat, 1.5 mm. long; anthers 2-celled, linear- 
oblong, 1.1 mm. long; ovary slightly 3-lobed, conic, 2.5 mm. 
long, tapering regularly to the acute summit, 3-ceIled with 
about 8 ovules in each cell; styles 3, separate to the base, very 
short, with 3 capitate stigmas, the total length of both 0.4-0,5 
mm.; capsule septicidal; seeds oblong. 

Type, Altson , 326, collected from moist sandy crevices on 
boulders, in shade, Macreba Falls, Kurupung River, British 
Guiana, 28 Aug. 1925, and deposited in the herbarium of the 
Royal Botanic Gardens at Kew. Altson 393, collected a week 
later from the same place, exhibits mature capsules. 

Smilax latipes n. sp. Stems climbing, the upper branches 
nearly free from prickles; petioles stout, twisted, 10-12 mm. long; 
stipules ovate-oblong, 5-6 mm. long, not usually cirrhiferous; 
leaf-blades firm, ovate-oblong, 12-18 cm. long, 4-8 cm. wide, 
acute, rounded at base, 3-nerved, with an obscure outer pair 
additional; veinlets prominently reticulate; flowering branches 
15-30 cm, long, their leaves resembling the cauline but thinner 
and smaller; peduncles stout, flattened, 2-3 cm. long; umbels 
many-flowered; pedicels slender, 1 cm. long; segments of the 
staminate perianth spreading, oblong to oblong-elliptic, 4 mm. 
long, the outer series 1,5 mm., the inner 1.2 mm. wide; fila¬ 
ments flattened, 1,0 mm. long, 0.7 mm. wide at base, half as 
wide at the summit; anthers ovoid, acute, straight, 0.8 mm. 
long. 

Type, Gleason 294 (staminate flowers only), collected at 
Tumatumari, British Guiana, 18 June-8 July, 1921, and de¬ 
posited in the herbarium of the New York Botanical Garden. 
Two other specimens in the herbarium at Kew, Schomburgk 
220 (159) and Jenman 4050 , are also referred here. S, latipes 
is very similar in habit to S. Schomburgkiana Kunth, but differs 
in its much larger flowers and proportionately broader fila¬ 
ments. 
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Costus bracteatus n. sp. Stem stout, glabrous, height not 
stated, at least i cm., in diameter below; leaf-sheaths very finely 
scabrellate; ligules prolonged 6-10 mm. above the base of the 
petiole and 10-20 mm. on the opposite side, depending on the 
size of the leaf, finely veined, minutely pubescent, sparsely 
hirsute-clliate; petiole differentiated, 4-10 mm. long, finely 
pubescent; leaf-blades oblanceolate, 33-39 cm. long, 9-9.5 cm. 
wide, the uppermost smaller, down to 14 by 4 cm., sharply 
acuminate, tapering from above the middle to the narrow but 
obtuse base, glabrous above, very minutely pubescent beneath 
or almost glabrous in the middle and upper parts; peduncles 
24-30 cm. long, 11-12 mm. in diameter, strongly striate, con¬ 
spicuously but finely pubescent; peduncular sheaths slightly 
shorter to slightly longer than the internodes, in one-third 
phyllotaxy, cylindric, not at all spreading, 4-5 cm. long on one 
side, 5-6 cm. long on the other, somewhat retuse at the summit 
on the shorter side, finely scabrellate to the touch, minutely 
pubescent under the lens, varying to nearly glabrous toward 
the base or perceptibly pubescent distally; spikes stoutly 
ovoid, 6-7 cm. long, 4 cm. in diameter, densely flowered, the 
rhachis half as long as the spike; bracts membranous, broadly 
ovate, appressed, 3-4 cm. long, essentially glabrous, their ap¬ 
pendages recurved or spreading, ovate to elliptic, membranous, 
the lower 8 cm. long by 5 cm. wide, the upper reduced to ovate 
tips 1 cm. long and wide, veiny and minutely pubescent. 

Type, Jenman 6504 , collected on the Mazaruni River, 
March, 1892, and deposited in the Jenman Herbarium; a sec¬ 
ond collection is Jenman 6818 in the same herbarium, collected 
in British Guiana without definite locality and labeled “perianth 
yellow, within finely veined in crimson.” The species differs 
greatly from all others in the region in its long peduncle 
covered with leafless sheaths. The relation and grouping of the 
species depends on the location of the peduncle and this can 
not be determined positively from the specimens at hand. 
Apparently it is basal, since all species with terminal spikes, 
so far as known to me, are leafy to the spike, the upper portion 
of the stem is much smaller in diameter than the peduncle, 
and our plant bears a general habital similarity to C. geo thyr¬ 
sus K. Schum,, in which the peduncle is definitely basal, If 
this interpretation is correct, C. bracteatus Is the third known 
American species with this habit and differs from the Ecuado¬ 
rean C. geothyrsus and the Peruvian C. erythrocoryne K. Schum. 
in the presence of terminal appendages on the membranous 
bracts. 



1929 ] 


GLEASON: BRITISH GUIANA MONOCOTYLEDONS 


21 


Calathea fragilis n. sp. Herbaceous from a woody rhizome; 
leaves all basal, 2-6 in number; petioles incomplete, the upper 
portion flattened and grooved or deeply striate to the geniculus; 
geniculus smooth, almost terete, 7-9 cm. long; blades narrowly 
ovate, 61-63 cm. long, 29-31 cm. wide, rounded or subcordate 
at base but cuneate at the insertion of the petiole, convexly 
narrowed to an obtuse but apiculate apex, the apiculum 5-10 
mm. long, glabrous; peduncles terete, glabrous below, becoming 
subtomentose distally, with one or two convolute basal sheaths 
as much as 2 dm. long and sometimes with a single, convolute, 
linear-elliptic, long-acuminate sheath 25 mm. wide and 20 cm. 
long about 15 cm, below the head; heads ovoid, appearing 
globose when pressed, 8.5-11 cm. long, densely flowered; bracts 
soft, membranous or subscarious, loosely appressed, unap- 
pendaged, finely longitudinally veined with numerous cross 
veinlets, the tissue very delicate or evanescent; outermost 
bracts broadly ovate, sessile and clasping, obtuse or subacute, 
5-7 cm. long, 3-5 cm. wide, densely short-tomentose on the 
outside near the base, the remainder glabrous; upper bracts 
spirally imbricate, rotund, 4-4.5 cm. long and a little wider, 
the uppermost reduced to 2.5-3 cm. in length and width; 
bractlets erect, stiff, 22-26 mm. long, acuminate, with numerous 
longitudinal veins, fragile and fissile; peduncles 6 mm. long; 
bractlet (prophyllum) linear-subulate, triquetrous, slightly 
clavellate, 18 mm. long; sepals separate, connivent, lanceolate, 
17 mm. long, 4 mm. wide, longitudinally veined, fragile; 
corolla-tube very slender, 18 mm. long; petals 3, elliptic, 15 mm. 
long, 5 mm. wide, acuminate, equal; exterior staminode broadly 
obovate-rotund, 12 mm. long, 9 mm. wide; cucullate staminode 
erect, oblong, 13 mm. long, with a recurved lateral acute 
process 2 mm. long; style stout, triquetrous, curved at the apex 
into a complete circle. 

Type, Alison 495 , collected at Erengtaru, Maicwac River, 
British Guiana, in forest on hill slope in red loam, alt. 1800 ft., 
April, 1926, and deposited in the herbarium of the New York 
Botanical Garden; name in Patamona dialect Turnra; with 
the notes by the collector ‘A tall herb. Leaves arising from a 
woody rhizome, 2-6 in a clump. Petioles 6 ft, long, blades 
2 ft. long, 14 in. wide. Peduncle 20 in. long. Inflorescence 
ovoid, groups of (?) 5 flowers subtended by a chaffy bract. 
Flowers cream-colored. Fruit orange, trigonal, fleshy, 3-celled. 
Seed hard/ 

Our plant clearly belongs in Petersen's section Nudiscapae, 
among the four other species with subulate bractlets, numbers 
47-50 of Schumann's monograph. Of these, C. altissima (Poepp. 
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and Endi.) Koern. Is most closely related, having also delicate 
fissile bracts, but differing in its narrower, sharply acute bracts 
more thinly pubescent, its shorter pubescent sepals, and laiger 
corollas and staminodes. 

Gymnosipiion breviflorum n. sp. Steins slender,. simple, 
erect, 1-2 dm. high; leaves reduced to scattered elliptic scales 
1 mm. long and 1—3 cm. apart; racemes geminate, separated 
by a terminal flower, 1—5 cm. long, 3—10-flowered; bracts elliptic, 
minute, obtuse; pedicels becoming 4-5 mm. long, or the upper¬ 
most a trifle shorter; perianth-tube slender, 4 mm. long, its 
three lobes ovate, 3 mm. long, soon dehiscent, the persistent 
base 6-nerved, becoming stoutly cylindric. 

Type, Hitchcock 17,349, growing among leaves on the forest- 
floor, Tumatumari, British Guiana, 3-5 Jan. 1920, and con¬ 
served in the herbarium of the New York Botanical Garden; 
also Bartlett without number from Kangaruma and Jenman 
7191, in part, from the Mazaruni River. 

Gymnosiphon guianense n. sp. Stems slender, ^ simple, 
erect, 10-25 cm. high; leaves reduced to scattered elliptic scales 
1 mm. long and 1-3 cm. apart; racemes geminate, separated 
by a terminal flower, 2-10 cm. long, 5-10-fiowered; bracts 
minute, ovate, obtuse; pedicels rarely exceeding 2 mm. in 
length; perianth-tube 5-6 mm. long, tapering above, its three 
lobes ovate, 3 mm. long, soon deciduous, the tube truncate- 
conic, becoming 6 mm. long, conspicuously nerved above and 
subulate along the side of the ovary. 

Type, 1m Thurn without number, collected at Tukeit, 
Potaro River, British Guiana, 22 Feb. 1879, and deposited in 
the herbarium of the Royal Botanic Gardens at Kew. It is 
also represented by Jenman 7191, in part, Lang 131 , and 
Alison 304 from the Mazaruni River, Abraham 216 from the 
upper Berbice River, Bartlett without number from Onderneem- 
ing, Appun 686 and Jenman 1763 without definite locality. 

All the species of Gymnosipiion hitherto known from north¬ 
eastern South America were described by Bentham in 1855 
under the genus Ptychomeria and all the types may be seen in 
the herbarium at Kew. No species have been described since 
then and no attempt has been made at Kew to assign specific 
names to the Guiana material. Bentham's species differ 
markedly from the two described above in their smaller size, 
smaller and usually slender perianth, and reduced or capitate 
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inflorescence. Our two species, one of which appears to be 
widely distributed, may be distinguished at a glance by the 
combination of long pedicels and short flowers in G. breviflorum 
and short pedicels with long flowers in G. guianense . 

Gymnosiphon Altsoni n. sp. Saprophytic; stem erect, 
simple, slender, from a single long slender root, 5-8 cm. high, 
beset at intervals of 6-8 mm. with lance-subulate appressed 
scales 2-3 mm. long; inflorescence a simple raceme of 1-3 
flowers; bracts ascending, lanceolate, 3-4 mm. long; pedicels 
1-2 mm. long; perianth-tube, including the ovary, 7-8 mm. 
long, 6-ribbed, slender, tapering toward the apex; perianth- 
lobes 3, ovate-lanceolate, spreading, 5 mm. long, white, yellow 
in the throat; filaments 0.6 mm. long, inserted in the throat; 
anthers 2-celled, 0.5 mm. long and wide, each theca somewhat 
constricted in the middle; style slender; stigmas 3, flattened, 
obcordate; corolla-limb circumscissile after an thesis just above 
the insertion of the filaments; ovary 1-celled with parietal 
placentae; ovules subglobose; capsule and seeds not seen. 

Type, Altson 364 , on the floor of the forest in sandy soil, 
Macreba Falls, Kurupung River, British Guiana, 30 Aug. 
1925, deposited in the herbarium of the Royal Botanic Gardens 
at Kew. Altson 305> from the same locality, is identical. 
The collector notes that the stem is violet, the flower-buds 
brown-lilac, and the stigma violet. The species is included in 
Gy mno siphon with some reluctance. The plant has the aspect 
of Campylosiphon Benth., but its 1-celled ovary and wingless 
filaments place it in or near Gymnosiphon or Dictyostega . It 
resembles the former of these in the shape of the 3-lobed 
perianth and probably also in the seeds, provided that they 
maintain the same shape as the ovules. The known species 
of Gymnosiphon , however, have flowers in geminate clusters, 
and the corolla falls below the insertion of the filaments rather 
than above. 




Some Jirncus names 
Kenneth K. Mackenzie 
I. CONCERNING JUNCUS TENUIS 

Juncus tenuis Willd. (Sp. PI. 2: 214. 1799), ‘Habitat in 
America boreali/ is Juncus dichotomies Elliott (Bot. S. Carolina 
& Georgia 1; 406. 1817), and is not the plant appearing as 
Juncus tenuis in our current manuals. Dr. Diels, Director of 
the Botanical Garden and Museum at Berlin, has very kindly 
sent me from Willdenow’s material portions showing the leaf- 
blade, the mouth of the sheath, the inflorescence, and the seeds. 
The leaf-blade is not flattened, and the auricles are rounded 
cartilaginous and not conspicuously prolonged. 

I was brought to look into this matter by noting that 
Steudel (Syn. PL Glum. 2: 305. 1855) described Juncus tenuis 
Willd. as with Vaginis adpressis ore nudis/ On the same page 
he described a new species Juncus germanorum (‘J. tenuis 
Auctor. Germ.’) as with Vaginis laxiusculis ore in marginem 
membranaceum utrinque productis (ligulam mentientem)/ 
This last, of course, is a very accurate description of the plant 
appearing in our manuals as Juncus tenuis . 

Our current treatments of the Juncus tenuis group follow 
articles by Wiegand (Bull. Torrey Club 27: 511-527. 1900; 
30:446-448. 1903). From a systematic standpoint these 
articles are most admirable, and bring out the specific lines 
well, largely by the use of sheath characters. But unfortunately 
Wiegand made no attempt at all to look into the synonymy. 
Had he studied the work of Steudel he would not have made 
the statement that The characters used, it will be seen, are in 
many cases quite different from those commonly employed 
for the separation of species of Juncus.’ In fact Elliott {lx.) 
had used them as early as 1817, when he described what he took 
for Juncus tenuis as having ‘stipules membranaceus, 1-2 lines 
long, bifid/ 

Buchenau (Engler, Pflanzenreich 4 36 : 115-120. 1906) fol¬ 
lowed Wiegand closely. His descriptions and illustrations 
are of a very high character indeed. In fact they are among the 
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best and most helpful in any group. Unfortunately he too does 
not seem to have always checked up the work of older authors. 

Looking through the Index Kewensis and also through the 
synonymy given by Buchenau one finds a number of names 
given as synonyms of Juncus tenuis Willd. I have investigated 
the earlier of these names as follows: 

(1) J uncus bicornis Michx. FI. Bor.-Am. 1: 191. 1803. 
This species came from Georgia and Carolina. It is described 
as with ‘foliis radicalibus, subsetaceis, canaliculato-planis J and 
‘involucre setaceo-2-phyllo erecto, paniculam terminalem 
parvulam superante.’ It seems to me that Elliott (Bot. S. Car. 
& Ga. 1:406. 1817), who more fully and very definitely 
described this species, did so correctly, and that the name 
Junctis bicornis Michx. is the name we should use for the species 
appearing in our manuals as J uncus tenuis Willd. Michaux 
referred to plates by Rostkovius (Monogr. June. 24. pi. 1 . 
f. 3. 1801) and by Morison (Hist. PL 3: 228. Sect. 8. pi. 9.f. 15. 
1699). Morison’s early plate is based on a plant from Virginia 
‘Gramen junceum Virginianum calyculis paleaceis bicorne.' 
The illustration is not a good one, but it certainly shows 
flattened leaf-blades and I believe is quite properly referred 
here. It seems to me too that the plant illustrated by Rost¬ 
kovius is also to be referred here or possibly to Juncus Dudleyi 
Wiegand. 

The early illustration of Gramen junceum elatius, peri- 
carpiis ovatis Americanum by Plukenet (Aim. 179. pi. 92. f. 9. 
1696) also belongs here, I believe. As far as I know this is the 
earliest plate of an American species of this group. An extra¬ 
ordinary thing is that Linnaeus cited both the above referred 
to plates of Morison and Plukenet in his original description 
of Juncus nodosus (Sp. PI. ed. 2. 1: 466)—a species with which 
they have nothing in common. This was long ago noted by 
Rostkovius {lx. 25). 

A photograph of part of the original material of Juncus 
bicornis from ‘Georgia’ in Herb. Mus. Paris has been kindly 
sent me by Professor Lecompte. It bears Dr. Engelmann's 
identification *Juncus tenuis Willd. G. Engelmann 1869.’ This 
particular specimen, however, does not answer the description 
of Michaux. The bracts are .shorter than the inflorescence and 
the leaf-blades do not appear at all flattened. The auricles, too, 
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are apparently short and not prolonged. However, in view 
of the description in Michaux, it seems to me that we should 
use his name as did Elliott for the plant we have been calling 
Juncus tennis Willd. Michaux had material from both Georgia 
and Carolina, and one is left with the impression that his 
description was not based on the Georgia material. 

(2) Juncus gracilis J. E. Smith (Engl. Bot. 31. pi. 2174 . 
1810; not J. gracilis Roth Tent. FL Germ. 1: 155. 1788; not 
/. gracilis R. Br. Prodr. 259. 1810) seems to be the next name 
to be considered. This was based on specimens collected in 
Angusshire, Scotland. (The species occurs widely in Europe, 
where it is regarded as introduced.)The illustration of the leaf 
sheaths is of a conventional character, but as Smith (Eng. FI. 2: 
167. 1824) described the leaves as dilated and membranous 
at the base, I would regard this species as the same as Juncus 
bicornis Michx. as here treated. 

Smith’s name being a homonym, three other names were 
proposed by different botanists, each name being strictly 
synonymous with his. These names are Juncus ?nacer S. F. 
Gray (Nat. Arr. Br. PL 2: 164. 1821); Juncus Gesneri J. E. 
Smith (Eng. FI. 2: 167. 1824); and Juncus Smithii Kunth 
(Enum. PL 3: 349. 1841). The first of these is apparently the 
next name available for the ‘Juncus tenuis Willd/ of our floras, 
should Juncus bicornis Michx. turn out not to be available. 

(3) Juncus platycaulos H.B.K. Nov. Gen. et Spec. PL 
1: 190. (236 in smaller ed.) 1815. This was based on South 
American material collected ‘in ripa Orinoci prope Atures et 
Caricharia/ According to Buchenau (Pflanzenreich 4 36 : 117) 
this does not possess the 'auriculas magnas scariosas Junci 
tenuis’ (J. bicornis Michx. as here treated), and apparently 
from a poor specimen it represents Juncus dichotomus Ell. It 
will be noted that its publication antedates that of Juncus 
dichotomus Ell. 

II. CONCERNING JUNCUS SETACEUS ROSTK. 

Juncus setaceus Rostk. (Mon. June. 13. 1801) is a species 
which has been most persistently misunderstood. It is based 
on an immature plant collected in Pennsylvania (‘Habitat in 
Pennsylvania’), and is described as leafless (‘J. culmo nudo’).* 
It is said to be ‘affinis valde praecedenti/ the Immediately 
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preceding species being Juncus filiforniis L. The number of 
stamens is not given. The perianth divisions are described 
'petalis subulatis/ and 'apice subulate* and are figured with 
tips such as are very noticeable in young Juncus effusus , but 
not in young* specimens of the plant we have been calling 
Juncus setaceus . 

Rostkovius gives an illustration of his species (pL l.f . 2), 
which shows the upper part only of an immature plant. 

It has been identified with a plant which has culms leafy 
at the base, and which is especially noticeable for its stiff,rigid, 
soon spreading perianth parts. This last mentioned plant is 
a coastal plain plant, reaching its northern limit in Dela¬ 
ware and the southern part of Cape May County, New 
Jersey. 1 

While then neither the description given by Rostkovius nor 
his type locality fit the plant which has been passing under the 
name Juncus setaceus , yet description, type locality, and plate 
do fit the common Pennsylvania form of Juncus effusus L. 
Accordingly 1 am treating Juncus setaceus Rostk. as a synonym 
of Juncus effusus L. Engelmann (Trans. Acad. Sci. St. Louis 
2:444-5. 1866; Botanical Works 249) was much troubled 
about the identification of this species, but did not follow up 
the matter. 

For the plant which appears in our manuals as Juncus 
setaceus Rostk. (Brit. & Brown, Ill. FL ed. 2. 1: 473. /. 1184; 
Small, Flora S.E. U. S. 258; Gray, Man. ed. 7. 272. /. 575; 
Buchenau in Engler, Pflanzenreich 4 3G : 123) I propose the name 
Juncus coriaceus, referring to the thick rigid texture of the 
sepals, petals and capsules. As a type may be designated a 
specimen in my herbarium collected by Henry Eggert, July 9, 
1896, at Hot Springs, Arkansas, in swamps. 

1 In Tatnall’s Catalogue of Plants of Newcastle County, Delaware (1860) 
p. 80, it is given as follows: ‘Wet grounds; Appoquinimink. Rare." In Cape 
May County, New Jersey it is 'of frequent occurrence, though local' (Stone, 
Plants of Southern New jersey 332. 1911). 

It is reported from Tinicum, Delaware county, Pennsylvania (Dr. George 
Smith) in Keller and Brown, Flora of Philadelphia (1915) p. 95, on the author¬ 
ity of B. H. Smith, and apparently this same record appears in Porter's 
Flora of Pennysylvania, p. 79. This material I am informed represents some 
species of the Juncus tenuis group. 
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III. CONCERNING JUNCUS CANADENSIS J. GAY 

III Rhodora 6: 35-6. 1904 Professor M. L. Fernaid well and 
carefully pointed out the distinctions between the stout plant 
with many-flowered heads, which he treated as Juncus cana¬ 
densis J. Gay, and the more slender plant with few-flowered 
heads which he treated as Juncus hrevicaudatus (Engelm.) 
Fernaid. The former plant he stated is a plant 'commonest on 
the coastal plain from southern Newfoundland to Louisiana, 
and on the upper St. Lawrence and the Great Lakes, though 
it is occasionally found-at other inland stations/ while the 
second plant 'abounds .... from Newfoundland to the upper 
Saguenay, west to Minnesota, and south, mostly in cold bogs, 
to the mountains of Pennsylvania/ To this it may be added 
that the plant first referred to is found in acid soils, while the 
second is a strong calciphile. 

Buchenau (Engler, Pflanzenreich 4 36 : 160. 1906) objected 
to the application by Fernaid of the name ' hrevicaudatus } to a 
plant with long-tailed seeds, and in its place took up the name 
l J. coarctatus (Engelm.) Buchenau.’ 

In looking this matter up, naturally the first question was 
to find out what Juncus canadensis J. Gay was, and whether 
the name should be applied to a very common and abundant 
Canadian plant, or to one local and uncommon there. The 
original description (in La Harpe, Monogr. June, in Mem. Soc. 
Hist. Nat. Paris 3: 134. 1827 [reprint p. 46]) calls for a plant 

Spicis 4-8-16-floris . . , . ; perigonii foliolis .... capsula oblonga 

prismatica brevioribus.culmus 6-12 poll, altus .... panicula composita, 

erecta, plus minusve eoarctata vel Iaxiuscula .... perigonii foiiola Ianceolato- 

linearia, substriata, acute aristata, interiora sublongiora.capsula ellip- 

soideo-prismatica, triquetra, utrinque leviter attenuata, vix mucronata. 

It was divided into two varieties 

a. Culmo foliisque tenuibus, panicula sublaxa, spicis 10-15-floris remotius- 
culis. 

0. Culmo foliisque tenuibus, panicula eoarctata, spicis 4-8- Boris approxi- 
matis. 

Specimens were cited 'Habite le Canada (herb. Michx.), 
la baie d’Hudson (Torrey), Terre-Neuve (La Pylaie)/ 

In our current manuals the name has been applied to a 
plant correctly described in Gray's Manual (ed, 7) as having 
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‘‘stems stout .... 5-5 0-Howe red heads .... sepals and petals 
awn-pointed, mostly shorter than the abruptly short-pointed 
capsule 5 (p. 274) and in the key (p. 269) 'capsule equaling or 
slightly exceeding the calyx.’ 

On the other hand Juncus brevicaudatus is there correctly 
described 'stem slender ..... 3-7-flowered heads .... sepals 
acute, the petals rarely obtusish, much shorter than the pris¬ 
matic gradually pointed deep-brown capsule’ (l.c. 274) and in 
the key 'capsule much exceeding the calyx gradually tapering’ 
(l.c. 269). It is very beautifully illustrated by Buchenau (lx. 
160). 

Investigation of original material showed the following: 

(1) A photograph of the Canadian material in Museum 
d’Histoire Naturelle at Paris collected by Michaux shows on 
one sheet one plant of Juncus brevicaudatus (Engelm.) Fernald 
and two small plants of another species. This sheet bears 
Dr. Engelmann’s identification made in 1869 that the first 
mentioned specimen is ' Juncus canadensis var. coarctatus ’ and 
the small plant is 1 Juncus alpinus , forma pallida depauperate.’ 
The original label bears the wording 'Baye d’Hudson,’ and 
shows that this locality attributed to Torrey by Gay really 
belongs to the immediately preceding citation from Michaux. 

(2) Two photographs of the Newfoundland material of La 
Pylaie have been received. One from Museum d’Histoire 
Naturelle at Paris is of a sheet containing seven specimens. 
It bears the determination l J. canadensis var. coarctatus Engel- 
mann 1869.’ A sheet in the Kew herbarium contains two plants 
of La Pylaie material. These agree with the Paris material. 

It will be seen from the above that all of the Canadian and 
Newfoundland material cited by Gay represents his variety 
13. They all represent the plant now generally called Juncus 
brevicaudatus (Engelm.) Fernald, as marked by Engelmann. 

(3) The only material cited by Gay unaccounted for above 
Is the Torrey material, incorrectly given as collected 'la bale 
d’Hudson.’ Investigation at Paris did not result in finding 
any such material. A photograph from a specimen in the 
Hooker herbarium at Kew was received with the following 
note: 

The right-hand specimens (the only ones photographed) are labeled 
Juncus acuminatus and that half of the herbarium sheet is endorsed in W. J, 
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Hooker’s handwriting ‘Dr. Torrey. J. Canadensis La Harped They are 
probably not the actual specimens seen by La Harpe, but may possibly be 
duplicates of the same collecting. 

As far as I can tel! from the photograph, the specimens (four 
in number) are specimens of J uncus acuminatus Michx. 

From the above it will be noted that no material seen by 
Gay has been found answering to our current interpretation 
of Juncus canadensis J. Gay. 

The Canadian material collected by Michaux seems to me 
to be the type material of Gay’s species, and accordingly I 
am proposing to use the name Juncus canadensis J. Gay in 
place of J uncus brevicaudatus (Engelm.) Fernald and Juncus 
coarctatus (Engelm.) Buchenau. In passing it may be noted 
that Gay’s capsule description applies to this plant, and not to 
either J. canadensis of our manuals or to J . acuminatus . It 
reads, as quoted above, ‘capsula ellipsoideo-prismatica, tri- 
quetra, utrinque leviter attenuata, vix mucronatad 

The only evidence found tends to the belief that Juncus 
canadensis var. a, J. Gay was based on specimens of Juncus 
acuminatus Michx., but in view of the non-conclusive character 
of this evidence this conclusion must be regarded as tentative 
only. 

For the plant which has been appearing in our manuals 
as Juncus canadensis J. Gay I am proposing to use the appro¬ 
priate name Juncus longicaudatus (Engelm.) n. comb. ( Jun¬ 
cus canadensis var. longicaudatus Engelm. Trans. St. Louis 
Acad. Sci. 2: 436. 1866 and 2: 474. 1868). 

I am under obligations to Prof. H. Lecomte of the Museum 
d’Histoire Naturelle at Paris and to Dr. Arthur W. Hill, direc¬ 
tor of the Kew Gardens, for photographs of the material here 
referred to. 

IV. WHAT IS JUNCUS BREVICAUDATUS (ENGELM.) FERNALD? 

Juncus brevicaudatus (Engelm.) Fernald goes back to the 
following few words 

J , Canadensis Gay 

a. brevicaudatus (J. acuminatus Gray) 

A. coarctatus . Pennsylvania, northward and north-westward. 

B. patulus . Pennsylvania to western New York and Ohio. 

(Trans. Acad. Sci. St. Louis 2: 436. 1866; Engelmann's Botanical Works 

245.) 
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The name was quickly abandoned by Engelmanii (Trans. 
Acad. Sci. St. Louis 2: 474. 1868; Engelmann’s Botanical 
works 263) as Buchenau (Pflanzenreich 4 s ®: 160) points out. 

However, Buchenau is in error in stating that the name 
was nomen nudum , because Engelmann did cite Gray’s * Juncus 
acuminatus Michx.’ This reference is to Gray’s Manual 
ed. 2. 481. 1856). There the description given is, I believe, 
mostly if not entirely of what we have been calling Juncus 
brevicaudatus. Under the circumstances the name J. brevicau¬ 
datus (Engelm.) Fernald, although most inappropriate for a 
plant with long-tailed seeds, can logically be used as in our cur¬ 
rent manuals. The other way is to proceed on the belief that 
Engelmann must have based the name upon some specimen 
of his J, Canadensis a brevicaudatus B paiulus which later be¬ 
came his J. canadensis var. 0 brachycephalus. (Trans. Acad. 
Sci. St. Louis 2: 474. 1868; Engelmann’s Bot* Works 263-4). 
This is a plant with short-tailed seeds, and one to which Engel¬ 
mann’s first name is very well applicable. Gray’s description 
too of his Juncus acuminatus Michx. calls for a plant with 
'abruptly acute pod,’ leading one to believe that he included 
Juncus brachycephalus (Engelm.) Buchenau in his conception 
of Michaux’s species. If this last course is pursued the name 
beomes a synonym of Junctis brachycephalus (Engelm.) 
Buchenau Monogr. June, 268. 1890. I am inclined to believe 
that this would be the best course. 

The name taken up by Buchenau, Juncus coarctatus (En¬ 
gelm.) Buchenau {Lc. 160), goes directly back to J. canadensis 
J. Gay, and is strictly synonymous with 7 . canadensis J. 
Gay, as I interpret it. 



The use of osmie-impregnaiion methods in 
plant cytology 

Robert H. Bowen 
(with plate i) 


The use of osmic acid for the purpose of blackening certain 
kinds of cytoplasmic elements has been a familiar method in 
animal cytology for many years. This is particularly true of 
the blackening of certain types of fat-materials, which often 
occurs upon the addition of osmic acid or mixtures containing 
it. But a much more important effect, and one concerning the 
chemistry of which very little is known, is the blackening of 
various lipoidal structures after prolonged exposure to aqueous 
solutions of osmic acid. This effect was observed certainly 
as long ago as 1888 by Prenant, but the real significance of the 
method was first made known by Kopsch (’02). This worker 
discovered that by immersing animal tissue in 2 per cent 
osmic acid for periods of several days (or weeks) it was possible 
to blacken the so-called Golgi apparatus in a most selective 
manner. This reaction was further studied by Sjovall (’06), 
who sought to improve the very poor fixation effected by the 
action of osmic acid alone, by first fixing the material in formalin 
and subsequently subjecting it to the osmic treatment. This 
separation of fixation from the osmication step was further 
studied by WeigI (TO) and finally perfected by Kolatchev (T6). 
By these methods, now familiar to all animal cytologists, it is 
possible to effect a blackening of the Golgi material in all 
kinds of animal cells. This blackening in animal cells is usually 
restricted to Golgi material, but under certain conditions, which 
are not yet very well understood, the mitochondria may be 
blackened, and occasionally other structures. In fact, by a 
slight variation in one of the usual methods Hirschler (’25) 
obtained a sharp blackening of the nuclear membrane. It is 
to be distinctly understood, however, that such results in 
animal cells are the exception—the rule is that the Golgi 
apparatus alone is almost invariably the only structure to 
show a distinct blackening. 1 


1 This statement does not apply to Protozoa, which present technical 
problems all their own. 
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Some of these osmic methods have now been shown to 
yield results of truly remarkable excellence, when properly 
handled. Considering the interest which attaches to certain 
problems connected with the Golgi apparatus, it is remarkable 
that for over twenty years after its identification in animal 
cells, practically no effort was made to examine plant material 
for its occurrence. This is even more difficult to understand, 
in view of the extensive and controversial literature which 
had been accumulating on the side of animal tissues. The 
obvious thing to undertake was clearly the effect on plant cells 
of these same osmic methods. This was first seriously tried by 
Nassonov (’18), who applied the method worked out by 
Kolatchev to various kinds of plant cells. He observed that 
the plastid-forming bodies in meristem cells were frequently 
selectively blackened, and that at other times cytoplasmic net¬ 
works especially associated with the division figures were de¬ 
monstrated. 

Somewhat later (Bowen, ’26), I repeated Nassonov’s work, 
using other methods as well as the one employed by him, and 
found to my astonishment that in different cells it was possible 
to obtain a precise blackening of practically any cellular struc¬ 
ture with the exception of chromosomes in mitosis. Much the 
same result was reported almost simultaneously by Guillier- 
mond (’26). There is thus placed in the hands of cytologists a 
method of technical attack of the greatest interest and value, 
which permits the study of certain cytoplasmic structures 
otherwise undemonstrable, as well as providing further means 
for the study of structures already well known. 

In view of the fact that most of the work on plant cells by 
these methods has been done thus far in zoological laboratories, 
it has seemed to me that botanical workers might welcome some 
report of the methods arranged particularly for their own pur¬ 
poses. For this reason the present paper has been prepared. 
In it I shall give detailed directions for the methods which have 
been shown to work successfully, together with some analysis 
of the results obtainable. More detailed reports on specific 
cytoplasmic structures may be found in two of my recent papers 
(Bowen ’28, ’29). The methods of osmic impregnation which 
have proved useful are primarily those of Kolatchev (16) and 
of Weigl (TO). Hirschler (’24) has published a variation of the 
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Kolatchev method with which I have experimented only a 
little. In general it yields results much like those of the Kolat¬ 
chev technique. 


GENERAL NOTES 

The methods of osmic impregnation require rather more 
careful manipulation than is called for by most of the orthodox 
cytological techniques, and certain things are so indispensable 
that special attention will be called to them in the beginning. I 
should add, however, that the laborious methods of dehydrat¬ 
ing and embedding still common in the botanical laboratory 
are only a waste of time with osmic technique. Reasonably 
careful handling such as is adequate for routine work in animal 
cytology is all that is necessary. The osmic methods are so 
tedious, so variable, and so often unsuccessful, that it is useless 
to introduce technical refinements at the present stage of their 
development. 

1. Material for osmic work should be absolutely fresh. 
Do not use plants which have lingered about the laboratory 
or greenhouse under unfavorable conditions. Use pieces of 
material as small as possible. Large root-tips and other massive 
parts will probably not react successfully unless subdivided. 

2. Use osmic solutions, both for fixing fluids and for the 
osmication process, which are positively fresh—not over one 
to two weeks old—and which have been kept properly clean 
and preserved from the action of light. 

3. Keep the ingredients of fixing fluids in separate stock 
solutions, and mix them only just before using. 

4. All fixation, and especially all osmication steps, must 
positively be conducted in glass-stoppered bottles , If these are not 
available do not waste time trying these methods. They will 
not work with cork-stoppered bottles. The glass-stoppered 
bottles should not be so large that extensive air-spaces are left 
above the fixing reagents. The most convenient size for plant 
work is a bottle containing (when completely filled and the 
stopper in place) about 4 cc., with a mouth sufficiently wide to 
permit the easy introduction of a pipette. Such bottles are 
carried in this country by Eimer and Amend of New York 
City, from whom I have regularly obtained them. After using 
a bottle for any purpose, wash it in cleaning fluid, and rinse 
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it under the tap with scrupulous care, finally rinsing in distilled 
water before drying. Carry on fixation and osmication in the 
dark. This is most easily done by keeping the bottles in card¬ 
board boxes with deep covers. 

5. Once the material has been put in the fixative, handle it 
thereafter only with wide-mouth pipettes. The use of forceps 
is very bad after osmication because the tissue becomes brittle 
and is easily damaged. 

6. After the material is finally washed out in running water 
after osmication, do not spend more than five or six days at 
the most in the alcohols before embedding in paraffin. For 
these steps immediately prior to embedding, it is convenient 
to carry the material in small shell-vials with cork stoppers. 
After osmication, this use of cork stoppers does no harm. 

THE KOLATCHEV METHOD 

The essentials of this method were published in 1916 by 
Kolatchev. The routine here described follows the procedure 
used by Nassonov (T8) on plant material, with certain varia¬ 
tions that I have found useful. 

1. Fix for 24 hours in Champy, as follows: 


1 per cent chromic acid 

7 cc. 

3 per cent potassium bichromate 

7 cc. 

2 per cent osmic acid 

4 cc. 


Do not overload the fixing bottles. About 10-15 root-tips not 
larger than those of Hyacinthus can be safely placed in 3 cc. 
of fixative. The bottles should be occasionally agitated gently 
to assist in the penetration of the fixative. 

2. Transfer to a dish of tap water to remove the excess of 
fixing fluid, and then wash in running water for 24 hours. This 
step is important, and the washing out of the chromium com¬ 
pounds must be complete. A convenient method for perform¬ 
ing this step with large batches of material has been elsewhere 
described (Bowen, *27a). 

3. Transfer the washed material to a dish of distilled water, 
and thence to fresh glass-stoppered bottles for osmication. 
In order to avoid dilution of the osmic acid, I find it convenient 
first to transfer the material to an empty bottle, draw off all 
the distilled water which may have been carried over, with a 
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pipette, and then add the osmic acid. About the same rela¬ 
tions should obtain between material and volume of osmic acid 
as in the case of fixation. Do not be stingy with the osmic solu¬ 
tion, it is poor economy. The osmication step may be carried 
out in several ways. I usually separate the material while in 
distilled water and proceed to try four variations of osmication, 
as follows. 

I. Place the material in 1% osmic acid solution, and then: 

a. Put the bottles in an incubator at 35°C. for periods of 

4 to 9 days. 

b. Put the bottles in an incubator at 40°C. for 8 hours, 

and then transfer the bottles to an incubator at 35°C. 
without any change of the osmic solution. Leave in 
this second incubator for periods such that the total 
time in osmic acid is from 4 to 9 days, as before. 

II. Place the material in 2% osmic acid solution, and then 
.proceed: 

a. As in method la. 

b. As in method lb. 

I usually carry along all four variations simultaneously. 
If for one reason or another this is not feasible, probably the 
best single variation is 115. In general this offers the best pro¬ 
bability of a successful impregnation, but material varies in 
its behavior and I have found it up to the present time useful 
to try all the possibilities. After a longer or shorter period in 
the incubators, the osmic solution almost invariably begins to 
blacken. This is of no consequence until it becomes very pro¬ 
nounced, and then it is best to pour off the blackened solution, 
rinse out with distilled water and add fresh osmic solution; or 
better, rinse the material in distilled water and transfer to a 
clean bottle with fresh osmic acid. The temperatures of the 
incubators need not be absolutely exact, but a range of more 
than one degree above or below the temperature advised, 
should be avoided. It is well to take the bottles out of the 
incubator daily and agitate each one gently to assist in the pene¬ 
tration of the osmic solution. 

4. When the preceding osmication step is completed, the 
material is transferred to running water for 24 hours. This 
washing is less important than that in step 2,,but it is well to 
see that the osmic solution is removed before proceeding. 
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The time at which to terminate the osmication is the one diffi¬ 
cult variable In this method. There is no way to tell when a 
successful impregnation of anything whatever has been at¬ 
tained. This is a serious difficulty, because if the osmication 
period is too short, nothing will be blackened, and if too long, a 
serious over-blackening occurs which usually ruins the material 
for critical purposes. One is therefore driven by necessity to a 
method of trial and error, which is very laborious but which 
alone can give one any satisfactory idea of the success of his 
procedure. I proceed as follows. Each day, beginning on about 
the fourth day of osmication, two or three samples are removed 
from each bottle, with a wide-mouthed pipette. 2 This is re¬ 
peated daily up to the eighth or ninth day of incubation, by 
which time the contents of the bottles will be exhausted. The 
samples thus obtained are washed and carried along separately. 
After embedding, section samples near the beginning and end 
of the osmication period, and at some intermediate point. With 
a little experience, an inspection of the sections will indicate 
at once where the best result, if any, has been obtained and one 
can govern further sectioning operations accordingly. As one 
becomes acquainted with a particular material, the most pro¬ 
bable times for a good impregnation become more definite, 
but a certain amount of trial by sampling is always advisable, 
for slight differences in the results of osmication are the rule 
rather than the exception. 

5. The material having been washed as noted in the pre¬ 
ceding step, it is then run up and embedded in paraffin. Un¬ 
like silver impregnation, osmic blackening is very stable, and 
no unusual precautions are necessary: 

6. Cut sections not over 5 micra thick. 

7. When the slides are ready, remove the paraffin in xylol, 
pass down to absolute alcohol, to insure complete dehydration, 
and then back to xylol and mount in balsam as usual. For 
routine work this direct method of mounting is generally suffi¬ 
cient. One may, however, wish to bleach or to counterstain 
the sections, in which case proceed as described on pages 41 
and 42. 

2 Be very careful to use a pipette which can not in any way be contami¬ 
nated with a chromium compound. It is best to reserve a particular pipette 
for this step. / . ■ 
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THE HIRSCHLER METHOD 

This method, although worked out independently by Hirsch- 
ler (’24), is essentially a variation of Kolatchev’s procedure. 
The steps are practically the same as in the Kolatchev method, 
with the exception of the osmication stage. It is Hirschler’s 
belief that a prolonged osmication at a lower temperature is 
better than the rapid osmication as practiced by Kolatchev. 
Hirschler accordingly osmicates (step 3, page 36) in 2% 
osmic acid at 20° to 25°C. I have used room temperature, 
also an incubator at 25°C. Osmication progresses very slowly, 
and samples may be removed over a long space of time. I 
have followed the course of events (at 25°C.) at intervals of 
every other day from the fourth to the thirty-third day of 
osmication. No results of any particular use were obtained 
before the sixteenth day, and longer osmication periods are 
more successful. 

THE WEIGL METHOD 3 

The basis of this method was worked out by Weigl in 1910, 
but the details of its manipulation were never published by its 
inventor. A number of later workers have experimented with 
its possibilities, and the following directions represent the varia¬ 
tion which I have used on plant material. 

1. Fix in corrosive-osmic, the usual proportions being as 
follows: 

1 per cent osmic acid 1 part 

Mercuric chloride, saturated solution in 0.75 

per cent aqueous sodium chloride 1 part 

With some kinds of plant material this fixative blackens 
within fifteen minutes. In case this occurs, pour off the blackened 
fluid and add fresh fixative, repeating if necessary at a later 
time. The length of fixation is an important variable in this 
method, but it can be arrived at only by trial. I usually fix 
material for periods of 1, 2 and 4 hours. Shorter or longer 
periods might be tried, but the ones named are most likely to 
fall within the period of possibly good fixation. It is also 

3 This method is frequently called by animal cytologists, the Mann- 
Kopsch method. Since Weigl alone is responsible for the essential steps, 
it has seemed to me shorter and better to name it after the inventor—the 
Weigl method. 
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possible to vary the proportions of osmic acid and mercuric 
chloride in the fixative, but results on animal tissue do not seem 
to indicate that much is to be expected from such experiments. 

2. After fixation (the batches of material from each fixa¬ 
tion period being of course kept separate), wash in running- 
water for 30 minutes. Longer washing will do no harm but is 
not necessary. 

3. Then transfer the material to distilled water and thence 
to the osmic solution. Osmicate in 2% osmic acid. This may 
be done at room temperature, but in order to eliminate con¬ 
trollable variables as much as possible, it is best to use an incu¬ 
bator at 25°C. As in the Kolatchev method, the osmication 
step is subject to wide variations, and the best procedure is to 
remove samples daily from the third to the eighth day. Handle 
this part of the technique exactly as described under the 
Kolatchev method (p. 38). 

4. Samples removed from the osmic solution are washed 
for 24 hours in running water. 

5. Then pass up through the alcohols, embed, section and 
mount, as described under the Kolatchev method (p. 38). 

6. If it is desired to bleach or counterstain, see pages 41 
and 42. 

General result. Sections from material prepared by any 
of the osmic methods have a characteristic appearance. The 
structures which may have been successfully impregnated 
are usually an intense black, but sometimes are only grayish. 
The remainder of the preparation usually assumes a characteris¬ 
tic yellowish jtone, although in exceptional cases the back¬ 
ground may be almost colorless. The nucleus is easily distin¬ 
guished, and chromosomes in division stages can usually be 
recognized without difficulty. Cell walls may be very sharply 
delimited, but this is not always the case. Faulty impregna¬ 
tions may show a good deal of granular blackening of the 
cytoplasm, and from this point the results may grade on down 
to the impossibly poor. A great deal of experience is necessary 
in order to judge the probable degree of success of a particular 
preparation, and no rules can,be given. The skillful technician 
and competent observer will gradually learn the ear-marks of 
a successful osmic preparation, and until some proficiency in 
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this matter is attained it is easy to commit serious errors of 
identification and interpretation. 

BLEACHING METHODS 

Although the direct mounting of sections from osmicated 
material is the general rule, it is sometimes useful to clear up 
the background by bleaching. This process often results in 
preparations of amazing brilliance, but it is perhaps question¬ 
able as to how much the picture is improved for purposes of 
critical study. Certainly, bleaching will not make first-class 
preparations out of slides which are not pretty good to begin 
with. Nevertheless, bleaching is worth trying on occasion 
and for some methods of counterstaining may be essential. 
There are three bleaching processes in common use: 

The turpentine method . Remove paraffin from the sections in 
xylol and transfer the slides to double rectified oil of turpentine. 
Bleaching occurs very slowly. Examine the slides occasionally 
under the microscope and when the proper point is reached 
wash the slides thoroughly in xylol and proceed as usual to 
mounting. The time required by this method will be. anywhere 
from 12 to 48 hours. The action of the turpentine must be 
checked before it has appreciably attacked the blackening of 
the particular element one wishes to study. 

The hydrogen peroxide method. Run the sections'down to 
water, and bleach in a solution of hydrogen peroxide made by 
adding 2 drops of the common medicinal solution to SOcc. of 
distilled water. The action is very rapid and must be controlled 
with the greatest care. Usually the time required is from 15 to 
60 seconds, and even with such short exposure to peroxide, the 
blackening of the desired elements may be seriously affected. 
Check the bleaching action by a thorough washing in running 
water (10 or 15 minutes), and then run up and mount as 
usual. 

The permanganate-oxalic acid method . A variation of this 
old bleaching process is perhaps the best method at present 
available. I have used it extensively on plant material and 
find it a most desirable technique, although a little more com¬ 
plicated than the preceding methods. I should recommend it 
as the method of choice for bleaching. 

1. Run sections down to water. 
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2. Bleach in 0.1% aqueous potassium permanganate. The 
sections acquire a brownish tone and the osmic blackening is 
rapidly attacked. The extraction must be very carefully 
controlled under the microscope. Usually about 10 to 60 
seconds is sufficient time. In some cases, visual examination is 
very difficult and it is often an advantage to experiment with 
one's watch as the controlling element. Once the proper 
time is determined, the remaining slides can be very quickly 
handled without individual inspection. 

3. When the proper point in bleaching is reached, wash 
quickly in distilled water and place at once in 0.1% oxalic acid 
solution. Here the slides should remain until the brown color 
acquired in the permanganate has disappeared—about one or 
two minutes. 

4. Then wash at once in running water for ten or fifteen 
minutes, run up and mount as usual. 

The results are very fine, and with a little experience few 
serious mistakes in differentiation will be made. The perman¬ 
ganate solution goes bad very quickly after using, and fresh 
solutions should be used each time a batch of slides is to be 
treated. 

COUNTERSTAINXNG 

The value of counterstaining osmic preparations of plant 
material is something of a question because of the limited work 
which has thus far been done with these methods. Clearly, 
counterstaining is usually of little value in routine work and 
as it almost always involves a great deal of time, it seems 
scarcely advisable to have recourse to it unless with a de¬ 
finite purpose in mind. As a matter of fact, osmicated tissues are 
very refractory toward stains of every kind and counterstain¬ 
ing is always difficult. Preparations which are not first-class 
to begin with, are useless for counterstaining, and it is time 
wasted to try them. Sometimes fairly good results are obtain¬ 
able by direct staining of osmicated material,but more often it 
is better or even necessary to bleach first. If the impregnation 
is faint, bleaching must perforce be omitted anyhow, but such 
weak osmications are usually accompanied by a better staining 
capacity of the material, and bleaching is, therefore, less neces¬ 
sary. One finds, as a matter of fact, that the heavier the osmic 



1929 J 


BOWEN: METHODS OF OSMIOIMPREGNATIGN 


43 


Impregnation, the less affinity do the sections have for stains. 
Conversely, the more complete the bleaching, the better the 
staining result. Unfortunately just as the tissues begin to 
take the stain in a really satisfactory manner, the Impregna¬ 
tion shows an appreciable extraction, and the bleaching must 
needs be checked before the tissue is in condition for a first- 
class stain. The use of a counterstain is thus a matter requir¬ 
ing experienced judgment and this can only be acquired by 
many trials and errors. 

For a general contrast stain, anilin dyes such as eosin, 
light green or orange G, made up In 95% alcoholic solution may 
be used. These may give a pleasing color-contrast, but do not 
add materially to the value of the preparations for critical study. 
The most valuable stain, indeed the only one of any real worth, 
is acid fuchsin. This may be employed according to any of the 
Altmann modifications, but as Nassonov (T8) showed, varia¬ 
tions of the Kull procedure are the best. By this method it is 
possible to stain nuclei and chromosomes, and also the chon- 
driosome-like bodies in the cytoplasm. Of these latter elements, 
those which are capable of producing plastids are less readily 
stained than the other type—often called chondriosomes by 
botanical cytologists. Two ways of applying the Kull method 
may be used, as follows: 

1. Run the sections down to water and bleach or not, as 
one chooses, by the permanganate-oxalic acid method. 

2. Stain in Altmann’s acid fuchsin. I flood the slide with 
stain, and then warm it carefully over a flame until vapors are 
given off. Cool the slide for 2 or 3 minutes, and repeat the warm¬ 
ing process. 

3. After a total time of about 5 minutes in the acid fuchsin, 
wash off the stain completely in distilled water. 

4. Differentiate in a 0.5% solution of aurantia in 70% 
alcohol. The time required is usually less than 1 minute, but 
no rule can be laid down, and the only safe procedure is to exa¬ 
mine the slide under the microscope and check the differentia¬ 
tion at the desired point. When one is doing routine staining 
on a large batch of similar material, it is often easier to differ¬ 
entiate by the clock, having first obtained the approximate 
time by trials. 

5. When the slide is differentiated to the proper point, rinse 
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It very quickly In 95% alcohol, then 100% alcohol and transfer 
finally to xylol. Mount as usual in balsam. The 95%; alcohol 
may be omitted. In any event the dehydration must be effected 
in the shortest possible time—a few seconds at most. 

The preceding method stains the nucleus and chromosomes 
red, and on some occasions will stain cytoplasmic elements 
also, provided these have not been blackened by the osmic acid. 
In general, however, cytoplasmic elements which have not been 
impregnated can only be stained by the complete Kull techni¬ 
que. This raises a difficulty, since In osmicated material the 
thionin (or toluidin blue) takes so heavily that a properly 
balanced differentiation can usually not be obtained. In general 
therefore, to use the second staining procedure, one must have 
recourse to bleaching, the usual method for this purpose being 
the permanganate-oxalic acid technique. The second method 
for using Kull is, therefore, as follows: 

1. After bleaching and thorough washing (5 or 10 minutes) 
in running water, stain in Altmann’s acid fuchsin exactly as 
in the first method. 

2. Rinse off completely in distilled water and flood the slide 
with a 0.05% aqueous solution of thionin. Stain for about one 
minute. Sometimes a much shorter time is required, but this 
must be ascertained by trial and no definite rule of any kind 
can be given. If the staining time is too long, it will be im¬ 
possible to remove the blue color sufficiently from the cytoplas¬ 
mic background before the fuchsin stain is too much extracted. 

3. Rinse off again in distilled water, and differentiate in 
aurantia as in the first method. This will usually require less 
than 30 seconds. In my own work, I have frequently found 10 
seconds a sufficient time. 

4. Dehydrate quickly, as in the first method, and mount as 
usual in balsam. 

Unfortunately, acid fuchsin preparations of this type are 
not very permanent, the stain being lost sometimes in a few 
months. More favorable examples may last a year or two. 

In view of the fact that the more complete the bleaching, 
the better the stain obtainable with acid fuchsin, it may be 
possible to salvage preparations in which the impregnation has 
failed, by completely bleaching and then staining by the usual 
Kull method. If one’s material is limited and preparations of 
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the chondriosome-like bodies in the cytoplasm are very much 
desired, this method may be of assistance. In general, how¬ 
ever, I think it is not to be recommended as a first-class 
working procedure. 


GENERAL RESULTS 

It is in general impossible to predict exactly what will be 
blackened by these osmic methods in any particular case. 
Sometimes one type of result is obtained, and in another trial 
of the same material the result may be different. Or, more pro¬ 
bably, in one and the same section—even in adjacent cells— 
the elements impregnated will be different. This may be very 
discouraging to some workers who still cling to a faith in specific 
staining methods, but to one whose interest is in the result 
rather than the method, osmic impregnations are of extraordi¬ 
nary interest. In some kinds of material it is possible on oc¬ 
casion to get an impregnation of practically all the known 
structures in the cell. Thus one is enabled to study now one 
element, now another, in different cells of the same preparation; 
or one may get various combinations of different elements 
simultaneously demonstrated in the same cell. One thing only 
is absolutely essential in the study of osmic impregnations, and 
that is a trained judgement gained by experience. By repeated 
trials, by extended study of one’s material, and by comparison 
with preparations made by the more customary methods, it is 
possible to effect a complete separation and identification of all 
the blackened elements. With this general caution as to the 
nature of osmic impregnation in plant cells, some more specific 
statement of the results may be attempted. 

1. These osmic methods were originally designed for the 
demonstration only of the animal Golgi apparatus, and, as 
noted in the beginning, they are quite remarkably specific 
in animal cells. We might, therefore, expect a similar action 
in plant cells, at least to the extent of demonstrating one ele¬ 
ment in plant cytoplasm with unusual regularity. Such is 
actually the result obtained. These methods most frequently 
and regularly blacken a collection of cytoplasmic bodies to 
which I have tentatively applied the name of 'osmiophilic 
platelets/ These are probably a new category of cytoplasmic 
elements, hitherto unnoticed by botanists because they can, 
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as a rule, be demonstrated only by osmic impregnation. These 
have been fully described in another place (Bowen ’28), where 
details as to their structure, etc., may be found. The most 
common result of osmic impregnation is, therefore, the de¬ 
monstration of the osmiophilic platelets alone. This has now 
been effected in bryophytes (fig, 1, and also Bowen ’27b), 
pteridophytes (Bowen ’28), gymnosperms (unpublished), and 
angiosperms (fig. 2, and also Bowen ’28). The best results 
are obtained by the Kolatchev (or Hirschler) method, theWeigl 
method yielding picutres which are usually distinctly inferior, 

2. In some kinds of material, the root-tips of Equisetum 
for example, almost no results are ever obtained except on the 
osmiophilic platelets. But in other cases, due apparently to a 
differing cytoplasmic setting, other elements are blackened, 
sometimes with marked regularity. Of these perhaps the one 
most commonly impregnated is the plastidome. This term is 
taken to include the primordial bodies (pro-plastids or archi- 
plasts) in meristem cells from w’hlch plastids will later develop, 
and also fully differentiated plastids of various kinds. The 
plastidome may be blackened alone (fig. 6), as noted also 
particularly by Nassonov (’18), but in my preparations of 
meristem cells the osmiophilic platelets were very frequently 
demonstrated simultaneously (fig. 3). The Kolatchev method 
is again the most favorable, but similar results are sometimes 
obtained by the Weigl method (fig. 5). 

3. A very common result, in some kinds of cells it might 
be said to be a uniform result, the vacuoles (vacuome) may be 
very clearly demonstrated. This may be effected by an intense 
blackening of the whole vacuome (figs. 8 and 9), or there may 
be only an indefinite grayish network marking out the vacuoles 
(lower part of fig. 4). Sometimes the vacuoles are brought out 
merely as clear spaces by contrast with a darkened background 
(upper part of fig. 4). Blackening of the vacuome seems to de¬ 
pend largely upon its contents. In bryophytes, and in pterido- 
phyte root-tips results are very rare, while on certain angio- 
sperm roots constant success is the rule. The method also 
plays a rdle, and in the case of the vacuome I found the Weigl 
method most useful. Thus on Ricinus root-tips the Weigl 
method regularly gives results, while the Kolatchev method 
is relatively useless. In case the vacuome Is impregnated, a 
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simultaneous blackening of the osmiophilic platelets is apt also 
to occur (fig. 8). 

4. Perhaps the most uncommon result is the blackening 
of those cytoplasmic elements which botanical cytologists 
frequently call chondriosomes, or ‘inactive’ chondriome, but 
which I have temporarily referred to as the pseudochondriome 
(Bowen ’29). These bodies are almost always of a spherical 
form in meristem cells. Practically the only place where I 
have found them regularly blackened (by the Kolatchev 
method) is in the outer plerome of the hyacinth root-tip (fig. 7, 
which shows also the delicate, thread-like archiplasts). How¬ 
ever, they may appear sporadically in other places, for instance 
the plerome of Hordeum , and they are quite regularly blackened 
in the very old cells of the root-cap of angiosperms at the 
very apex of the root-tip. In this location, however, the impreg¬ 
nation is not of much use for purposes of study. 

5. In addition to these definite cytoplasmic components, 
cytoplasmic impregnations of a quite different type are com¬ 
monly found, especially in late prophases and the metaphase 
of mitosis in meristem cells of angiosperm root-tips. This 
result was first noticed and fully described by Nassonov (T8). 
It consists of a very definite blackening of what appears in 
resting cells to be a cytoplasmic network. In dividing cells the 
polar caps are also demonstrated as well as the fibers which are 
attached to the chromosomes (fig. 10). This latter result is most 
astonishing, and, as Nassonov showed, the number of chromo¬ 
somes can actually be determined by counting the number of 
blackened fibers as seen in cross-sections. The whole history of 
the division figure can be followed, and an exhaustive study of 
osmic preparations would doubtless yield most interesting 
results on the nature of the polar caps and other oft-debated 
features of mitosis in higher plants. When this particular type 
of blackening occurs, other cytoplasmic elements usually are 
not demonstrated, but sometimes the plastidome, and in 
Hyacinthus the pseudochondriome, may be in part blackened. 

Occasionally, in telophases, the cell-plate may be impreg¬ 
nated, and this may be the only thing blackened in the whole 
cell (figs. 12, 13), Sometimes the osmiophilic platelets are 
simultaneously, though inadequately, demonstrated. 

6. Impregnation of the nucleus and nuclear structures is a 
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less common result, but occasionally occurs in a sporadic way 
in angiosperm root-tips. The whole nucleus may be solidly 
blackened, with the exception of the nucleolus (lower cell in 
fig. 11). The nucleolus seems never to be blackened as a whole, 
but not infrequently one or more granules within the nucleolus 
are blackened (fig. 11). The exact results vary somewhat but 
need not here be mentioned in detail, since their meaning is 
quite unknown. Sometimes a selective blackening of the nuclear 
membrane is obtained, the remainder of the nucleus being 
quite unaffected. 

7. A very common result especially in cells of the root- 
cap and central plerome, is the very selective and intense 
blackening of bodies located within the vacuoles. These are 
clearly the coagulated masses so often described by Dangeard 
and Guilliermond. One of the best ways to demonstrate them 
is by the Hirschler method with brief osmication (4 to 8 days); 
or better still by fixing according to the Weigl method for 24 
hours, and then omitting the osmication step entirely. 

8. The osmication methods are known in animal cells fre¬ 
quently to give no result on fatty material. In the case of plant 
cells, likewise, satisfactory results on the so-called lipoidal gran¬ 
ules have not yet been certainly obtained. 

9. Here it should be again noted that all sorts of combina¬ 
tion results may occur. In these cases, the osmiophilic platelets 
usually are demonstrated, but not invariably. Thus we may 
get platelets and plastidome; platelets and pseudochondriome; 
platelets and vacuome; pseudochondriome and plastidome; 
platelets, plastidome and pseudochondriome; vacuome and 
plastidome; vacuome, platelets and plastidome; and still other 
combinations with the nuclear structures, etc. With some pre¬ 
vious knowledge of the cytoplasmic situation in plant cells, 
however, the analyzing of most of the ordinary impregnation 
results will present no serious difficulties to the experienced 
observer. 

10. Finally, in the case of counterstaining with acid fuchsin, 
the resting nucleus and the chromosomes in dividing cells will 
be regularly stained in red. Preparations in which either the 
pseudochondriome or the plastidome, or both, have failed to 
blacken, may, upon proper counterstaining, present these un¬ 
blackened elements in red. 
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OTHER NOTES 

The results of work with these methods by others are in 
the main of a similar nature. Nassonov (T8) with the Kolat- 
chev method reported the impregnation of the plastidome alone, 
and also the blackening of the cytoplasmic network and of the 
division figure in mitosis. Gatenby (’28) in a recent note corro¬ 
borates my findings with the Kolatchev method on the osmio- 
philic platelets. He reports that in addition to the usual 
Champy fixation in step 1, the following slightly modified 
fixative also gives very good results: 

1 per cent chromic acid 1 

6 per cent potassium bichromate 1 equal parts 

2 per cent osmic acid J 

The only other worker to report on the osmic methods as 
applied to plant tissues is Guilliermond (’26, ’27). His results 
include many kinds of cellular components, and so are of parti¬ 
cular interest for purposes of comparison with the bulk of this 
paper, which represents my personal experience. In one 
important respect his technique differs from that of Gatenby, 
Nassonov, and myself, and his findings are also different in 
certain important respects. He used particularly the method 
of Kolatchev, with one very important change in procedure. 
He osmicates in 2% osmic acid for 8 to 15 days (or more) at 
40°C. Such treatment would ruin any animal tissue I have 
ever experimented with. As it is, Guilliermond finds that the 
sections are completely blackened and he then endeavors to 
differentiate for the cytoplasmic features, particularly the 
vacuome, by bleaching according to the permanganate-oxalic 
technique. This method of handling osmic acid is not recom¬ 
mended by any of my own experience, and it may be the reason 
for some of Guilliermond’s anomalous results. Thus he does 
not mention the osmiophilic platelets, and finds, further, that 
the pseudochondriosomes are easily and regularly blackened 
together with the plastidome. His figures of such simultane¬ 
ous impregnations are certainly not like the appearance of my 
own preparations. He states that the method rarely blackens the 
vacuome in higher plants, and then only after an osmication of 
15 days. He finds that aleurone grains are beautifully impreg¬ 
nated, and also the vacuome in some of the thallophytes. It is 
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evident, therefore, that so far as the genera! possibilities of 
osmic impregnation of plant tissue are concerned, Guilder™ 
mond ? s results substantiate what I have said about their use¬ 
fulness. . In certain details his results are markedly different 
from my own and those of Gatenby, but on the other hand his 
very unusual handling of the osmication step may have been 
the cause of these differences. 

SUGGESTIONS FOR PRACTICE 

Osmic impregnation is so erratic in many of its character¬ 
istic effects, that one unacquainted with its use would certainly 
do well to begin with some material where the conditions are 
known and where a successful result of some kind is reasonably 
to be anticipated. The best material I know of is the lateral 
root-tips of Vida Faha, from seeds germinated both in earth 
and in a moist chamber (Nassonov (T8), Bowen (’28, *29)). 
Use only the tips of roots not over an inch in length. If the 
technique is properly carried out, the osiniophilic platelets are 
almost certain to be demonstrated, together with a variety of 
other results* probably depending on unknown conditions of 
many kinds. It is my own belief at present that the osmiophilic 
platelets are the homologue in plant cells of the animal Golgi 
apparatus. Since it is these bodies which are most regularly 
impregnated—in some cases they are the only elements to be 
blackened—the osmic methods are particularly to be recom¬ 
mended for attempting their specific demonstration and further 
analysis. 

Department of Zoology, 

Columbia University 
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Explanation of plate I 

All of the figures have been outlined as far as possible with the camera 
lucida at an initial enlargement of approximately 1675 diameters, and sub¬ 
sequently completed free-hand. In reproducing, the figures have been reduced 
uniformly to an enlargement of approximately 1250 diameters. With the excep¬ 
tion of fig. 1, all of the figures are printed with that side of the cell at the top 
which was originally directed toward the seed (or bulb). The method employed 
in the preparation of the original object is appended to the explanation of 
each figure. 

Fig. 1. Osmiophilic platelets (blackened rings or rods) in a group of earl)' 1 
androgonia from an antheridium of Polytrichum commune. Kolatchev method, 
variation 115, 6 days. 

Fig. 2, Osmiophilic platelets, from root-tip meristem of Vida Paba . 
Kolatchev method, variation la, 8 days. 

Fig. 3. Osmiophilic platelets (delicate, blackened rings) and plasti- 
dome (heavily blackened, elongate bodies), from root-tip (plerome-periblem 
border) of Vida Faba. Kolachev method, variation 11 5, 7 days. 

Fig. 4, Osmiophilic platelets (delicate rings or rods), plastidome (heavi'y 
blackened, spheroidal bodies), and vacuome (faintly blackened, above an i 
below the nucleus), from root-tip (plerome) of Vida Faba. Kolatchev 
method, variation 116, 6 days. 

Fig. 5. Osmiophilic platelets and plastidome (heavily blackened bodies), 
from root-tip (root-cap) of Pisum sativum . Weigl method, 4 hour fixation, 
9 days at 25°C. 

Fig. 6. Plastidome, from old root-tip cell of Pisum sativum. Kolatchev 
method, variation la, 7 days. 

Fig. 7. Plastidome (delicate threads) and pseudochondriome (intensely 
blackened granules), from root-tip (plerome) of Hyacinthus orientalis . Kolat¬ 
chev method, variation 115, 7 days. 

Fig. 8. Osmiophilic platelets and vacuome (blackened net-works), from 
root-tip (periblem) of Vida Faba. Weigl method, 2 hour fixation, 6 days at 
room temperature. 

Fig. 9. Vacuome (heavily blackened), from root-tip (periblem) of Ricinus 
communis. Weigl method, 1 hour fixation, 6 days at 25°C. 

Fig. 10. Cytoplasmic fibrillae, metaphase, from root-tip (plerome) of 
Pisum sativum . Kolatchev method, variation la, 5 days. 

Fig. 11. Osmiophilic platelets (delicate rings or rods) and nude' im¬ 
pregnations, from root-tip (periblem) of Ricinus communis. Kolatc. ' v 
method, variation 15, 6 days. 

Figs. 12, 13. Cell-plate (telophases), from root-tip (plerome) of Hordeum 
vulgare. Weigl method, 4 hour fixation, 4 days at 25°C. 
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Everett, T. H. Some plants of special interest. Gard. Chron. 
Am. 32; 222. Au 1928; 250-254. S 1928; 280. O 1928. 

Exell, A. ¥. Unrecorded citations of species from Colombia. 
Jour. Bot. 66: 291-293. O 1928. 

Faris, J. A. Three Helminthosporium diseases of sugar cane. 
Phytopathology 18: 753-774. pi 15+f. 1-5 . S 1928. 

Farr, C. H. Root hairs and growth. Quart. Rev. Biol. 3: 
343-376. /. 1-11. S 1928. 

Fernald, M. L. Contributions from the Gray Herbarium of 
Harvard University. No. LXXXII. I. The genus Oxy- 
tropis in northeastern America. Rhodora 30; 137-155. 
pi 171-175. 24 Au 1928; II. The North American species 
of Anemone § Anemonanthea. Rhodora 30: 180-188. 25 
S 1928. 

Frontz, L. The effect of smoke and gas on forest and shade 
trees. Forest Leaves 21: 170-171. 0 1928. 

Gams, BL Schistostega osmundacea (Dicks.) Mohr. Pflanzena¬ 
reale 2: 9-12. maps 9, 10. 1928. 

Gardner, N. L. On a collection of Myxophyceae from Fukien 
Province, China. Univ. Calif. Publ. Bot. 14; 1-20. 
pi 1-5 . 27 S 1927. 
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Gemmer, E. W. The root system of longleaf pine. Sci.*Monthly 
27: 384. 0 1928. 

Gilbert^ F. A. Observations on the feeding habits of the 
swarm cells of Myxomycetes. Am, Jour. Bot. 15:473- 
484. pi. 30, 3L 24 O 1928. 

Gliick, H. Die Susswasservegetation von Nord Amerika in 
Gegenwart und Vergangenheit. Magyar Bot. Lapok 25: 
230-251. 1928. 

Goldring, W. The oldest known petrified forest. Sci. Monthly 
24: 514-529. f. 1-14. Je 1927. 

Goodspeed, T. H., & Clausen, R» E, Interspecific hybridization 
in Nicotiana —VI. Cytological features of syhestris - 

Taba cum hybrids. Univ. Calif. Publ. Bot. 11: 127-140. 
/, 1-9. 4 0 1927. 

Gothan, W. Bemerkungen zur Alt-Carbonflora von Peru 
besonders von Paracas. Neu. Jahr. Mineral. Beil.-Bd. 
59 s : 292-299. 1928. 

Haber, J. M. The relationship between Bacillus amylovorus 
and leaf tissues of the apple. Penn. State Col. Bull. 228: 
1-15. f. 1-9. je 1928. 

Hall, H. M. The genus Haplopappus . A phylogenetic study in 
the Compositae. Carnegie Inst. Publ. 389: i-viii, 1-391. 
pi. 1-16+f. 1-114. 1 O 1928. 

Harris, J. A. A possible relationship between soil salinity and 
stand in cotton. Jour. Agr. Res. 37: 213-231. /. 1-3. 
“15 Au” O 1928. 

Harbison, T. G, Notes on the genus Hydrangea. Am. Mid. 
Nat. 11: 255-257. S 1928. 

Hydrangea Ashei sp. nov. is described. 

Hart, H. T. Studies on Ilormiscia Wormskioldii. Publ. Puget 
Sound Biol. Sta. 5: 355-359. pi. 22. 15 Au 1928. 

Hedrick, U. P. Breeding new varieties of fruit. Am. Fruit 
Grow. Mag. 48:3, 20. /. 1-3. S 1928; 14-15. illust. 0 1928. 
Herter, G. Estudios botanicos en la region Uruguaya. Index 
Montevidensis Plantae Vasculares. 1-53. Montevideo, 
1927. 

Herzog, T. Lepidolaena Dum. Pflanzenareale 1: 87-88. 
map 73. 1928. 

Herzog, T. Microthamnium Mitt. Pflanzenareale 1: 86-87. 
map 72. 1928. 
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Hill, A. W. The genus Lilaeopsis; a study in geographical 
distribution. Jour. Linn. Soc. Bot. 47 : 525-551. pi. 19, 
20+f. 1-16. Je 1927. 

Hitchcock, A. S. Two new species of Setaria from western 
Australia. Proc. Linn. Soc. New South Wales 52 2 : 185— 
186. 1927. 

Holmes, G. L. Spiranthes autumnalis. Orchid Rev. 36: 266. 
S 1928. 

Hough, R. B., & Hough, M. G. The American woods. Part 
XIV. 1-38. Lowville, N. Y. 1928. 

Illustrated by actual specimens. 

Howe, M. A. Joseph Edward Kirkwood. Jour. N. Y. Bot. 
Gard. 29: 266-267. 0 1928. 

Jeffrey* E. C. The maturation and somatic divisions in hy¬ 
brids, variables and so-called mutants. Science II. 68: 
233-235. 7 S 1928. 

Johansen* D. A. The hypostase: its presence and functions in 
the ovule of the Gnagraceae. Proc. Nat. Acad. Sci. 14: 
710-713. 15 S 1928. . 

Jones* F. R. Winter injury of alfalfa. Jour. Agr. Res. 37: 

189-211. pi. i, 2+f. 1-11. "15 Au” O 1928. 

Karting* J. S. Studies in the Chytridiales. III. A parasitic 
Chytrid causing cell hypertrophy in Cham. Am. Jour, 
Bot. 15: 485-496. pi. 32+f. 1-9. 24 0 1928. 

Kater, J. M. Note on the structure of a Monilia isolated from 
a case of psoriasis. Univ. Calif. Publ. Bot. 14: 301-306. 
pi. 53+f. A. 15 S 1928. 

Kelly, A. P. Early forest succession in Pennsylvania. Forest 
Leaves 21: 171. 0 1928. 

Kern s F. D. Heterothallism in the rusts. Science II. 68: 351. 
12 0 1928. 

Kearney, T. H., & Peebles, R. H. Inheritance of rate of 
shedding in a cotton hybrid. Jour. Agr. Res. 34: 921-926. 
15 My 1927. 

Eeissler, K. Ascomyceten, Fungi Imperfect! und Uredineen 
von Juan Fernandez. Nat. Hist. Juan Fernandez & Easter 
Isl. 2: 473-486. 1927. 

Kenoyer, L. A. Botanizing on Barro Colorado Island, Panama. 
Sci. Monthly 27: 322-336. Must. O 1928. 
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Klotz, L. J. Inhibition of enzymatic action as a possible factor 
in the resistance of plants to disease. Science II. 86: 
631-632. 23 D 1927. 

Kranzlin, F. Maxillaria striatella Kraenzl. nov. sp. Rep. Spec. 
Nov. 24:359. 10 J1 1928. 

A plant from Colombia. 

Kranzlin, F. Orchidaceae novae Bolivianae. Rep. Spec. Nov. 
25: 18-32. IS S 1928. 

Kranzlin, F. Restrepia caespitifica aus Colombien. Rep. Spec. 

Nov. 24: 358-359. 10 J1 1928." 

Lee, H. A. & McHargue, J. S. The effect of a manganese de¬ 
ficiency on the sugar cane plant and its relationship to 
Pahala blight of sugar cane. Phytopathology 18: 775- 
786./. 2, 2. S 1928. 

Lindstrom, E. W. The inheritance of ovate and related shapes 
of tomato fruits. Jour. Agr. Res. 34: 961-985. f. 1-8. 
15 My 1927. 

Longley, A. E. Chromosomes in Iris species. Bull. Iris Soc. 
29: 43-55. pi. 1-3. O 1928. 

Looser, G. Botanico Miscelanea. Rev. Univ. Catolica Chile 
3:523-528. 6 Je 1928. 

Looser, G. Nothojagus 1 Cyttaria y Myzodendron en el Cerro del 
Roble (Prov. de Santiago). Rev. Chilena Hist. Nat. 31: 
288-290. 19 N 1927. 

Lutz, H. J. Trends and silvicultural significance of upland 
forest successions in southern New England. Yale Univ. 
Forest. Bull. 22: 1-68. f. 1-27. 1928. 

MacArthur, J. W. Linkage studies with the tomato—III. 

Three linkage groups. Genetics 13: 410-420. S 1928. 
MacDougal, D. T., & Moravek, V. The activities of a con¬ 
structed colloidal cell. Protoplasma 2: 161-188. /. 1-10 . 
1928. 

McLean, F. T* Gladiolus , wild and cultivated. Flower Grower 
15: 432-433. S 1928. 

McLean, F. T. Rose mallows. Card. Chron. Am. 32: 278. O 
1928. 

McClure, F. A. Some observations on the bamboos of Kwang- 
tung. Lingnaam Agr. Rev. 3: 40-47. /. 1-9 . (1928). 
Mason, H. L. Fossil records of some west American conifers. 
Carnegie Inst. Wash. Publ. 346: 139-158. • pi. 1-5. 1927. 
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Merriain, J. C. The story of a leaf. Scribner’s Mag. 81: 130— 
134. illust. F 1.927. 

Meyer j B. S. Seasonal variations, in the physical and chemical 
properties of the leaves of the pitch pine, with especial 
reference to cold resistance. Am. Jour. Bot. 15: 449-472. 
/. 1-4 . 24 O 1928. 

Miller s J. EL Biologic studies in the Sphaeriales—II. My~ 
cologia 20: 305-339. pi 35-38 . 1 N 1928. 

Millers P, W. A preliminary report on studies of fireblight of 
apples. Science II. 68: 386-388. 19 O 1928. 

Murrill, W. A. Up the Essequibo River. Am. Bot. 34: 135-137. 
O 1928. 

Warasimhan, M. J« Note on the occurrence of intracellular 
bodies in spike disease of sandal ( Santalum album Linn.). 
Phytopathology 18: 815-817. /. 1-3. S 1928. 

Mixon, E. L. The migration of Bacillus amylovorus in apple 
tissue and its effects on the host cells. Penn. State Coll. 
Tech. Bull. 212: 1-16. /. 1-18. Ap 1928. 

Ogilvie, L. Report of the plant pathologist for the year 1927. 

Bermuda Dep. Agr. Rep. 1927: 26-37. 1928. 

Ogilvie, L. Virus diseases of plants in Bermuda. Bermuda 
Agr. Bulb 7: 4-7. Au 1928. 

Osterhout, W. J. V., & Harris, E. S. The death wave in 
Nitella —I. Applications of like solutions. Jour, Gen. 
Physiol 12: 167-186. f. 1-23 b . 20 S 1928. 

Osterhout, W. J. V., & Harris, E. S, Positive and negative 
currents of injury in relation to protoplasmic structure. 
Jour. Gen. Physiol 11: 673-700. f. 1-2L 20 My 1928. 
Pax, F. Hippocastanaceae DC. Pflanzenareale 2: 8. map 8 . 
1928. 

Peattie, D. C. Flora of the Tryon region of North and South 
Carolina—I. Introduction: soils, climate, etc., ferns and 
conifers (Pteridophyta, Gymnospermae). Jour. Elisha 
Mitchell Sci. Soc. 44: 95-125. S 1928. 

Peterson, P. D. & Johnson, H. W. Powdery mildew of rasp¬ 
berry. Phytopathology 18: 787-796. f. 2 , 2. S 1928 , 
Pitman, EL Some interesting plants at Qrr’s Island. Maine 
Nat. 8: 83-84. illust. S 1928. 

Poe, I. A revision of the Plantago patagonica group of the 
United States and Canada. Bull Torrey Club 55: 406- 
420. 25 O 1928. 
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Porterfield, W. M., Jr. A study of the grand period of growth 
in bamboo. Bull. Torrey Club 55: 327-405. pi. 10+f . 1- 
'■ 34. 25 O 1928. 

Pridham, A. M. S. Phlox . Jour. N. Y. Bot. Gard. 29: 249-259. 
Must. 0 1928. 

Quackenbush, A. T. A. The annuals of flowerland. i-vi, 1-166. 

New York, Macmillan Co., 1927. 

Reed, H. S. The growth of cognate shoots. Am. Nat. 62: 
334-351. f. 1-7. Au 1928. 

Reed, 3EL S. Intra-seasonal cycles of growth. Proc. Nat. Acad. 

Sci. 14: 221-229. /. 2-5. Mr 1928. 

Reed, H. S., & Bartholomew, E. T. Water translocation in 
young fruits. Science II. 66: 382. 21 O 1927. 

Rickett, EL W. A list of plants from the Missouri Ozarks. Am. 

Mid. Nat. 11: 243-254. S 1928. 

Riker, A. J., and others. The relation of certain bacteria to the 
development of roots. Science II. 68:357-359. 12 0 1928. 
Robinson, B. L. George Lincoln Goodale, 1839-1923. Mem. 

Nat. Acad. Sci. 21 6 : 1-19 portrait . 1927. 

Robinson, C. H. Mushrooms—edible and poisonous. Flower 
Grower 15: 443-444. Must. O 1928. 

Ruttle, M. L., & Fraser, W. P. A cytological study of Puccmia 
coronata Cda. on Banner and Cowra 35 oats. Univ. Calif. 
Publ. Bot. 14: 21-72. pi. 6-14. 30 S 1927. 

Saunders, C. F. California’s wayside trees. Nature Mag. 12: 
248-250, 272-273. O 1928. 

Saunders, C. F. California’s wild flowers. Nature Mag. 12: 

221, 223, 266, 267. Must. 0 1928. 

Schrepfer, F, A. Hardy evergreens. 1-127. Must . New York. 
Orange Judd Pub. Co., 1928. 

Seemann, B. Introducion a la flora del istmo de Panama. 1-31. 
Panama, Impressta National, 1928. 

Translation by M. L. Melendez and H. Pittier from: The botany of the 
voyage of H. M. S. Herald, 1845-51. pp. 62-73. London, 1852-57. 

Severy, J. W. Joseph Edward Kirkwood. Science II. 68: 
223-224. 7 S 1928. 

Shamel, A. D., Pomeroy, C. S., & Caryl, R. E. Bud selection 
in the Washington navel orange—VIII. Progeny tests of 
two color variations—yellow and golden nugget. Jour. 
Heredity 19: 469-478. f. 6, 7. O 1928. 
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Shull, J. M. Root growth of Iris, Bull. Am. Iris Soc. 29; 56— 
59. Must. O 1928. 

Sideris, C. P., & Krauss, B. EL Water relations of pineapple 
plants. Soil Sci. 26 : 305-314. pi. 2+/. L 0 1928. 

Small, J. K. Bletia purpurea. Addisonia 13: 41-42. pi. 437. 
3 0 1928. 

Small, J. Eh Gelsemium Rankinii , Addisonia 13: 37-38. pi. 
435. 3 O 1928. 

Small, J. Eh Ipomoea macrorhiza. Addisonia 13: 43-44. pi. 
438. 3 O 1928. 

Small, J. Eh Maytenus phyllanthoides. Addisonia 13: 39-40. 
pi 436 . 3 0 1928. 

Small, J. Eh Monotropa Brittonii. Addisonia 13: 35-36. pi. 434. 
3 0 1928. 

Small, J. Eh Nothoscordium fragrans. Addisonia 13: 33-34. 
pi 433 . 3 O 1928. 

Small, J* Kh Platypus altus. Addisonia 13: 45-46. pi 439, 
3 0 1928. 

Small, J. Kh Psychotria Sulznerl Addisonia 13:47-48. pi 440. 
3 O 1928. 

Smith, C. O. A pistillate Prunus, Jour. Heredity 18: 537-541. 
f. 7-10. D 1927. 

Both, Mrs. ML E. The plants of the Lewis and Clark Expedi¬ 
tion. Am. Bot. 34; 137-144. 0 1928. 

Stadler, L. J. Mutations in barley induced by x-ray and 
radium. Science II. 68: 186-187. 24 Au 1928. 

Standley, P. CL, & Calderon, S. Lista preliminar de las plantas 
de El Salvador. 2d suppl. 275-302. Must. San Salvador, 
1927. 

Stapf, O. Calystegia tuguriorum. Curt. Bot. Mag. IV. 152: 
pi 9136. 16 Ja 1928. 

From New Zealand, Juan Fernandez, and Chile. 

Stapf, O. Oestrum psittacinum . Curt. Bot. Mag. IV. 152: 
pi 9158. 12 0 1928. 

A Central American plant. 

Stapf, O. Guevina avellana. Curt. Bot. Mag. IV. 15 2: pi. 916L 
12 0 1928. 

A plant from Chile. 

Stapf, O. Habranthus robustus . Curt. Bot. Mag. IV. 152: 
pi 9126 . 8 Au 1927. 

From Argentina? 
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Stevens, N. E. & Bain, BL F„ Storage rots of cranberries in 
the 1927 crop. Phytopathology 18: 809-814. f. L S 1928. 
Thayer, C* L„ Spring flowering bulbs. 1-123. Must. New York, 
Orange Judd Pub. Co., 1928. 

Theriot, I. Le genre Funaria au Chili. Rev. Chilena Hist. 
Nat. 31: 30-37. pi. L 1927. 

Thomson, R. B. Evolution of the seed habit in plants. Trans. 

Royal Soc. Canada III. 2 ! 5 : 229-272. /. 1-46. My 1927. 
Toro, R. A. Adiciones y enmiendas a la nomenclatura ver- 
nacula y cientifica de la flora antioquena—I. Bol. Soc. 
Colombiana Cien. Nat. 17: 38-44. Ap 1928;—II. 146-154. 
S 1928. 

Trelease, W. Piperaceae hispaniolenses—II. Rep. Spec. Nov. 
24: 360-363. 10 J! 1928; III. 25: 54-55. 25 O 1928. 

Eight new species are described. 

Walker,'J. C., & Wellman, F. L. A survey of the resistance of 
subspecies of Brassica oleracea to yellows ( Fusarium 
conglutinans). Jour. Agr. Res. 37: 233-241. f. 1. “15 Au” 
O 1928. 

Walther, E. A key to the species of Eucalyptus grown in 
California. Proc. Calif. Acad. Sci. IV. 17: 67-87. 22 Je 
1928. 

Wingard, S. A. Hosts and symptoms of ring spot, a virus disease 
of plants. Jour. Agr. Res. 37: 127-153. /. 1-23. “1 Au” 
O 1928. 

Wright, W. EL, & Skoric, V. The demonstration of bacteria in 
plant tissues by means of Giemsa stain. Phytopathology 
18: 803-807. pi 18+}. L S 1928. 

Wright, J. G. The pit-closing membrane in the wood of the 
lower gymnosperms. Trans. Royal Soc. Canada III. 22 5 : 
63-94 pi 1+f. 1-44. Mr 1928. 

Wylie, R. B. Paired ovules of Vallisneria. Proc. Iowa Acad. 
Sci. 33: 121-124. pi. 1. 1926. 

Zelada, F. El fruto del quebracho bianco (Aspidosperma 
quebracho , Schlecht.) Univ. Tucuman Mus. Nat. Hist. 
11; 1-9. pi. 1-4 . 1928. ' 
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Susceptibility of wheat to mildew as influenced 
by carbohydrate supply 
Sam F. Trelease and Helen M. Trelease 

Although the significant features in the nature of the 
host plant that determine its degree of susceptibility to disease 
are as yet very imperfectly understood, recent studies have 
shown that susceptibility of plants to parasitic disease 
may be profoundly influenced by environmental conditions, 
of temperature, moisture, light, mineral nutrient supply, etc. 
And in some cases valuable suggestions have been obtained 
regarding the manner in which the effective internal conditions 
of the host may be influenced. For a number of plant diseases 
caused by obligate parasites a general correlation exists in 
many cases between host vigor and susceptibility to disease— 
the more vigorous host being more susceptible to such diseases 
than the less vigorous host (Raines, 1922). Carbohydrate 
nutrition, in particular, has been found to have* an important 
influence on the degree of susceptibility of the host to rusts 
and to mildews. 

Fromme (1913) reported tests on the effect of light ex¬ 
clusion on the development of Puccinia coronifera on oats. 
Four cultures of the same age, seven days, were inoculated. 
One was placed in a darkroom and the other three were put 
in the greenhouse, in a glass box. After three days the first 
culture was transferred from the darkroom to the greenhouse. 
The incubation period for the three cultures kept in the green¬ 
house was eight days, while that of the culture left three days 
in the darkroom was eleven days. The difference of three days 
in the incubation period was exactly equal to the period of 
light exclusion and indicated a complete arrest of the develop¬ 
ment of the fungus in the darkroom. In another experiment, 
the effect of light exclusion during the latter part of the in¬ 
cubation period was tested. Four cultures were inoculated 
and placed in the greenhouse, in the glass box. Four days 
later one of them was transferred to the darkroom, where it 
was left four days, and then returned to the culture box. No 
signs of infection were visible on this culture at this time, 

[The Bulletin for January (56: 1-64) was issued 22 February 1929.] 
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while unripe pustules on the other cultures were plainly visible. 
The pustules on the cultures that remained in the greenhouse 
ripened on the ninth day, while three additional days, 
twelve days in all, were necessary for a similar development 
of the culture that had been in the darkroom. By excluding 
light four days in the latter part of the normal incubation 
period, maturation of the rust had been delayed three days. 
Thus, even after the fungus had become well established in 
the host, its development was strongly retarded in complete 
darkness. Fromme says that the retardation of the growth of 
the fungus may be the direct effect of total absence of light on 
the fungus itself. Or it is possible that the fungus simply 
suffers from lack of food, since the host is incapable of 
photosynthesis in darkness. He suggests, however, that it seems 
hardly possible that such a complete inhibition in the growth 
of the fungus should have resulted in the brief time in¬ 
volved unless the fungus is dependent on the transition 
products of photosynthesis. This latter possibility, he states, 
is by no means inconceivable, and should this explanation 
prove the correct one it could be made the basis for an explana¬ 
tion of the obligate parasitism of the rusts and their inabil¬ 
ity to develop on any form of artificial medium. 

Reed (1914) studied the influence of light on infection of 
wheat and barley by mildews. Seedlings were grown in the 
dark until the first leaf was 2-3 cm. long and then inoculated 
with mildew spores from their respective hosts. Some of the 
inoculated plants were kept continuously in the dark and some 
were removed at once and placed in the light; at intervals 
of 24 hours other inoculated plants were transferred to the 
light. The general results were that no infection occurred iff 
the plants were kept in the dark after inoculation. After 
removal of the seedlings to the light, infection occurred in 
proportion to the degree to which the etiolated leaves turned 
green. In general the period of incubation was retarded pro¬ 
portionally to the time the plants were kept in the dark. 
Another series of experiments was carried out, first growing 
the plants in the light and then, after inoculation, placing 
them in the dark, some immediately, others after intervals of 
24 hours. In the case of the plants placed at once in the dark, 
no infection occurred. Those, however, that were kept in the 
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light for one or two days became infected. The period of in¬ 
cubation of the fungus, however, was materially retarded. 
Reed emphasizes the importance of chlorophyll, since he states 
that in general the effect of absence of light upon the mildew 
is considered to be an indirect one and has to do with the pri¬ 
mary effect upon the development of chlorophyll in the host 
cell. The infection fails to occur, he says, in those cells which 
have not developed the chlorophyll. The mildew, according 
to Reed, is a strict parasite, not attacking cells which are not 
capable of carrying on their normal functions. These results, 
he says, are quite different from those obtained by inoculating 
etiolated plants with saprophytic fungi; under such conditions, 
in some cases at least, saprophytic fungi are able to develop 
on the living tissues. 

Mains (1917) has reported experiments on the effects of 
light and carbohydrate supply upon the development of 
Puccinia Sorghi on maize and Puccinia coronata on oats. He 
found that when leaves or seedlings were first deprived of 
carbohydrates, light was necessary for the development of 
these parasites on their hosts since it is necessary for the for¬ 
mation of carbohydrate by the hosts. When the host was 
able to obtain a supply of carbohydrates from a solution, 
light was not necessary for the development of either par¬ 
asite. The development of Puccinia Sorghi was checked when 
the host was deprived of carbon dioxide. Pure cultures of 
Puccinia Sorghi were maintained upon sterile seedlings and 
upon pieces of maize leaf floated upon solutions of starch, 
sucrose, dextrose, maltose, and dextrin in the dark. Develop¬ 
ment of the fungus did not occur unless a carbohydrate was 
present in the solution. Mains considers that the obligate para¬ 
sitism of the rusts may probably be explained by their re¬ 
quirement of some transitory or nascent organic products, 
related to the carbohydrates, which they secure in the living 
host. 

Leach (1919) has used specific food requirements of fungi 
as the basis of an hypothesis to explain the phenomena of rust 
resistance and biologic specialization in rusts. He considers 
that each biologic form of rust requires a specific food, which 
is produced only in a limited number of host forms. 

The study here reported was planned in order to obtain 
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further information concerning the effect which carbohy¬ 
drate supply might have upon the susceptibility of the host 
to parasitic disease. Wheat mildew was selected as repre¬ 
senting a disease that could be readily studied under green¬ 
house and laboratory conditions. 

INFLUENCE OF LIGHT UPON SUSCEPTIBILITY 

Effect of period in dark after inoculation upon incubation 
period. The data recorded in table 1 were obtained in tests 
made to determine the effect of the length of an initial period 
in darkness upon the incubation period of wheat plants in¬ 
oculated with mildew ( Erysiphe graminis ). Seedlings of Leap’s 
Prolific (winter) wheat were grown in a shaded greenhouse 
for seventeen days in four-inch pots, about fifty seedlings in 
a pot. The seedlings, which were about 18 cm. high and had 
two expanded leaves, were sprayed with distilled water and 
inoculated at 5 o’clock in the afternoon with mildew spores 
shaken from heavily infected plants. Three similar tests were 
made. In the first test inoculation occurred on July 26, 1927; 
in the second, on August 2, 192f;and in the third on June 11, 
1928. In the third test the plants were kept in darkness for 
two days preceding inoculation, in order to allow exhaustion 
of surplus carbohydrate from the leaves. 1 For each test eight 
lots, as shown in table 1, of two pots each were used. Immed¬ 
iately after inoculation, the first lot was left in the greenhouse 
where it was exposed to the usual alternating periods of light 
and darkness; the others were placed in the dark, and one 
lot was removed to the greenhouse each day. The darkroom 
is adjacent to the greenhouse and receives a continuous supply 
of fresh air from the latter, by means of an electric fan; thus 
temperature (averaging about 25°C.) and humidity were 
nearly the same in the greenhouse and in the darkroom. Ob¬ 
servations were made twice daily, at 9 a.m. and at 5 p.ivl; 
and a record was obtained of the approximate time when 
spore tufts became visible on the leaves. 

No development of mildew spores occurred on inoculated 
plants left for 7 days or longer in the dark; these plants were 
very chlorotic and died a few days after being placed in the 

1 Wheat leaves, even after exposure to bright light, appear to have only 
a small excess of carbohydrate food. See a later section of this paper. 
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greenhouse. After the plants had been in the dark for about 
4 days, numerous light yellow flecks appeared on the leaves, 
indicating initial infection, but spore masses did not develop 
on these plants. The lack of susceptibility of wheat in the 
dark suggests at once, as was pointed out by Fromme (1913), 
Reed (1914), and Mains (1917), that the leaves are not sus¬ 
ceptible unless they contain an adequate supply of carbo¬ 
hydrate foods, normally manufactured in the light by photo¬ 
synthesis. 

TABLE 1 


Effect of period in dark after inoculation upon incubation period 
{time required for mildew appearanceff 


PERIOD 

IN 

DARK, 

INCTJBATIO 

DA 

N PERIOD, 

YS 

DEj 

INCUBATH 

MINUS l 

INCUBATK 

DA 

lay: 

DN PERIOD 

IINIMUM 

)N PERIOD, 

.YS 

PERIOD IN G1 

BEFORE 

APPEAR AJ 

XEENHOUSE 

MILDEW 

?CE, DAYS 

PERIOD IN DARK 

MENUS" DELAY, 

DAYS 


1 

2 

3 

Av. 

1 

2 

3 

Av. 

1 

2 

3 

Av. 

1 

2 

3 

Av. 

0 

3.5 

4.0 

3.0 

3.5 

0.0 

0.0 

0.0 

0.0 

3,5 

4.0 

3.0 

3.5 

0.0 

0.0 

0.0 

0.0 

1 

3.5 

4.5 

3.5 

3.8 

0.0 

0.5 

0.5 

0.3 

2.5 

3.5 

2.5 

! 2.8 

1.0 

0.5 

0.5 

0.7 

2 

4.0 

4.5 

3.5 

4.0 

0.5 

0.5 

0.5 

0.5 

2.0 

2.5 

1.5 

2.0 

1.5 

1.5 

1.5 

1.5 

3 

5.0 

5.0 

4.0 

4.7 

0.5 

1.0 

1.0 

0.8 

2.0 

2.0 

1.0 

1.7 

2,5 

2.0 

2.0 

2.2 

4 

5.5 

5.5 

5.0 

5.3 

2.0 

1.5 

2.0 

1.8 

1.5 

1.5 

1.0 

1.3 

2.0 

2.5 

2.0 

2.2 

5 

6.5 

6.5 

7.0 

6.7 

3.0 

2.5 

4.0 

3.2 

1.5 

1.5 

2.0 

1.6 

2.0 

2.5 

1.0 

1.8 

6 

7.5 

8.5 

8.0 

8.0 

4.0 

4.5 

5.0 

4.5 

1.5 

2.5 

2.0 

2.0 

2.0 

1.5 

1.0 

1.5 


a No infection occurred on plants left for 7 or 8 days in the dark; these plants 
were very chlorotic and died a few days after being placed in the light. 


In the first test recorded in table 1 an initial period of 1 
day in darkness did not lengthen the incubation period, but 
in the second and third tests it increased the incubation period 
by 0.5 day. Progressively longer periods in the dark definitely 
lengthened the incubation period. The delay in the appearance 
of mildew spores (actual incubation period minus minimum 
incubation period) varied directly with the length of the 
initial period in the dark. 

The time required in the greenhouse before the appearance 
of mildew spores was less for the plants that had been in the 
dark than for those left in the greenhouse. Thus, tufts of mildew 
spores usually appeared in from 1.0 to 2.5 days after the plants 
were transferred from the darkroom to the greenhouse, whereas 
the minimum incubation period for plants remaining in 
the greenhouse was from 3.0 to 4.0 days. This indicates tha 
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spore germination and some development of mycelium oc¬ 
curred in the dark. That absence of light did not completely 
arrest the development of the mildew is also shown by the 
last four columns of table 1. When the plants were kept in 
the dark for one or more days, the delay in mildew appearance 
was never as great as the period during which the plants had 
been in darkness. 

Injurious effects of darkness and of mildew upon wheat . 
Some of the effects of mildew and of absence of light were 
observed after the plants were transferred from the darkroom 
to the greenhouse. These may be illustrated by a description 
of the appearance of the plants four days after the last culture 
had been removed from the darkroom. The plants were ar¬ 
ranged in a series according to the length of their period in 
darkness, beginning with those that had not been in the dark¬ 
room after inoculation and ending with those that had remained 
for 8 days in the darkroom. This series represented progres¬ 
sively greater dwarfing, increased chlorosis, more pronounced 
drooping, and less abundant development of mildew. The 
plants which had been in the dark from 0 to 2 days were large 
and vigorous, dark green in color, erect, and heavily covered 
with tufts of mildew spores. Those which had been in darkness 
from 3 to 5 days were dwarfed (about three-fourths as tall 
as the preceding), increasingly chlorotic and wilted, and only 
sparsely covered w T ith mildew conidia. And those which had 
been in the dark from 6 to 8 days showed greater dwarfing 
(being about one-half as tall as the plants not placed in the 
darkroom), they were extremely chlorotic, and they exhibited 
pronounced drooping. Only a very slight development of 
mildew spores was visible on the plants which had been in 
the dark for 6 days, and none on those which had been in dark¬ 
ness for 7 and 8 days. 

Aside from showing the influence of darkness in rendering 
the plants less susceptible to mildew, these tests bring out 
the high degree of injury that results from exclusion of light. 
In fact, wheat plants seem to be injured more rapidly by dark¬ 
ness then by mildew. Seedlings are unable to survive a period 
of seven days in the dark, whereas they usually are able to 
live for two or three weeks with the most severe infection pos¬ 
sible with mildew if other conditions are favorable* 
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These tests illustrate a difficulty met in attempting to 
correlate host vigor and susceptibility. The plants that were 
left in the greenhouse after inoculation were much more vig¬ 
orous than those kept in the dark for 6 days, and, judging by 
their ability to support the fungus, they were much more sus¬ 
ceptible to mildew. And yet the greater vigor of these plants 
enabled them to live considerably longer than the less sus¬ 
ceptible plants that had been injured by lack of light. As 
time went on, the plants tended more and more to recover from 
the injury they sustained during the absence of light, but con¬ 
currently the injurious effects of the mildew infection became 
increasingly greater. Where two sets of adverse conditions 
have been operative together (here darkness and mildew in¬ 
fection), it may be difficult to evaluate the relative degree of 
injury that has been produced by either one of the conditions 
in question. 

TABLE 2 


Effect on mildew infection of placing inoculated plants in darkness after various 
initial periods in lights 


INITIAL PERIOD 

IN LIGHT, 

DAYS 

INCUBATION PERIOD, DAYS 

PLANTS 

CUT LEAVES 6 

0 

c 

c 

1 

C 

c 

2 i 

3.5 

3.0 

3 

3.0 

3.0 


a At beginning of test (June 24, 4 p.m,), the plants had been in the dark for 
’3 days; they were 12 days old, 19 cm. high. 

h When potted plants were placed in the dark, six leaves were cut off and 
placed on wet blotting paper in a moist chamber. 
c No infection occurred. 

Effect on mildew infection of placing inoculated plants in 
darkness after various initial periods in light. Table 2 shows 
the results secured in a test made to determine the incubation 
period for plants that were inoculated and kept in the green¬ 
house for different periods of time and then transferred to 
the darkroom. The seedlings were grown in the greenhouse, 
and three days before inoculation they were put in the dark¬ 
room, so as to diminish the reserve carbohydrate food that 
they might contain. They were inoculated with mildew in the 
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greenhouse at 4 p.m. on June 24,1928, when they were 12 days 
old and about 19 cm. high. The first set was placed immed¬ 
iately in the dark, the second was put in the dark after 1 day, 
the third after 2 days, and the fourth after 3 days. Duplicate 
pots, of about 50 seedlings each, were used for each treatment. 
When each set of plants was transferred to the dark, six 
leaves were cut off and placed on wet. blotting paper in a moist 
chamber. 

It will be seen from table 2 that no mildew developed on 
the plants placed immediately in the dark nor upon those 
left in the greenhouse for one day. But spores appeared after 
3.5 days on the plants that remained in the greenhouse for 
2 days before removal to darkness. This indicates that sufficient 
food—probably carbohydrate, protein, or both—was made 
or accumulated during the 2-day period to render the plants 
sufficiently susceptible to allow subsequent development of the 
parasite; secondary infection did not occur in the dark, how¬ 
ever, and these plants died after about 12 days. The incuba¬ 
tion period for mildew on the seedlings in the greenhouse was 
3.0 days. 

It is interesting to note that mildew spores may be 
formed sooner on cut leaves than on those remaining attached 
to the plant. This is seen in the case of the seedlings that 
had been in the greenhouse for 2 days before being trans¬ 
ferred to the darkroom. The shorter incubation period was 
probably due to a greater retention of food by these leaf por¬ 
tions, since translocation was prevented by detachment from 
the basal growing region of the leaf as well as from the rest 
of the plant. 

Slight development of mildew in dark on very young seed¬ 
lings still receiving carbohydrate supply front endosperm , The 
tests thus far described were made with seedlings that had 
exhausted the carbohydrate of the endosperm and had been 
in darkness for a period of 2 or 3 days prior to inoculation 
(except in two tests recorded in table 1). In view of Mains*s 
(1917) observation that the endosperm of maize continued 
fora long time to supply materials that allowed the develop¬ 
ment of rust in the dark, it seemed of interest to test the sus¬ 
ceptibility of very young wheat seedlings that were still re¬ 
ceiving food from the endosperm and had been carrying on 
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photosynthesis. For this purpose, seedlings that were only 
4 days old, with the first green leaf about 8 cm. long, were 
inoculated at 4 p.m. on June 24, 1928, and placed immediately 
in the darkroom. At the end of four days a very slight de¬ 
velopment of small patches of mildew spores was visible on 
the leaves. Three days later, when the tufts had reached 
their maximum size, the amount of mildew was very small 
in comparison with the development on similar seedlings 
in the greenhouse. 

Mildew development as an index oj photo synthetic activity. 
The foregoing experiments, of course, suggest that the capacity 
of the wheat leaf to support the development of mildew might 
be used as an index of photosynthetic activity. This might 
prove useful for qualitative tests comparable to those of 
starch accumulation or increase in dry weight of the leaf. 

INFLUENCE OF CARBOHYDRATE AND ALCOHOL SOLUTIONS 
UPON SUSCEPTIBILITY OF LEAVES IN 
DARKNESS 

It has long been known that green leaves which have pre¬ 
viously been freed from starch can absorb various organic 
substances from solution and form starch in the dark. The 
literature contains reports of many studies made to deter¬ 
mine the species of plants in which starch formation may 
occur in darkness, the kinds and concentrations of organic 
substances that may be assimilated, and the effects of tem¬ 
perature and poisons on the process. Reference may be made 
here to the following workers who have made important in¬ 
vestigations of these problems: Boehm (1883, 1889), Schimper 
(1885), E, Laurent (1886), Meyer (1886), Bokorny (1888), 
Acton (1889), Saposchnikoff (1889), Nadson (1890). Maze 
(1899, 1911), J, Laurent (1904), Molliard (1907), Ravin (1913), 
Knudson (1916), and others have developed methods for grow¬ 
ing green plants in sterile cultures and supplying them with 
organic substances through their roots. 

Mains (1917) was able to grow pure cultures of Puccinia 
Sorghi upon sterile seedlings, of maize and upon pieces of 
maize leaf floated upon solutions of starch, cane sugar, dex¬ 
trose, maltose, and dextrin in the dark. The fungus did not 
develop upon either seedlings or pieces of maize leaf that 
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were exhausted of carbohydrates and supplied only with a 
salt solution or distilled water in the dark. 

The foregoing studies suggested that wheat leaves kept 
in the dark might be susceptible to mildew if they were sup¬ 
plied with solutions of organic substances. Tests were therefore 
made to determine the effects of different kinds and concen¬ 
trations of carbohydrate and alcohol solutions. 

Effects of different kinds of carbohydrates and alcohols upon 
the development of mildew on wheat leaves in darkness. Seed¬ 
lings of Leap's Prolific wheat were grown for fourteen days 
in four-inch pots, or until they were about 18 cm. high. After 
they had been placed in the dark for 2 days, to free them from 
a surplus of food, they were inoculated in the same manner 
as in the preceding tests. About 10 cc. of solution were poured 
into an ordinary Pyrex test-tube (150 mm. high and 18 mm. 
in diameter, without lip; capacity 30 cc.), and the test-tube 
was lightly plugged with absorbent cotton. The solutions were 
prepared with tap water, tests having shown that the develop¬ 
ment of the mildew was the same when tap water or distilled 
water was used. Three leaves were cut from the inoculated 
plants and quickly transferred to the test-tube. Each leaf 
portion, about 8 cm. long, floated in the solution, so that the 
cut end was submerged to a depth of about 2 cm. while the 
rest was exposed to the air within the test-tube. For each solu¬ 
tion live test-tubes containing leaves were prepared and placed 
in the darkroom at an average temperature of about 21°C. 
The development of mildew on the leaves was observed by 
turning on an electric lamp for a few minutes, and final records 
were usually obtained after about seven days. No special 
precautions were taken to assure sterility of the preparations, 
but the mildew generally developed more rapidly than bacteria 
and other fungi, and the results were discarded where serious 
contamination occurred. 

Table 3 shows the results secured with fourteen different 
carbohydrates and two alcohols. All of the solutions were 
prepared so as to have a carbon concentration equivalent to 
that of a 0.1 M dextrose solution. The various types of solu¬ 
tions differed in osmotic value, but the latter was never high 
enough to bring about injury to the leaves. Each of the 
fourteen carbohydrates and the two alcohols rendered the 
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leaves susceptible to mildew. Only a very few small spore 
tufts, hardly visible without the aid of a hand-lens, were formed 
on the control leaves supplied with tap water. Although exact 
estimation was not possible, the number of spores produced on 
the control leaves appeared to be less than one-hundredth 
as great as on the leaves marked in the table with a single 
plus sign. 

TABLE 3 


Development of mildew on leaves of wheat kept in darkness and supplied with solutions 
of carbohydrates and of alcohols; every solution prepared with tap water 
and equivalent in carbon concentration to a 0.1 M dextrose solution n 




DEVELOPMENT 

GENERAL CLASS 

SUBSTANCE 

OP MILDEW 

Monosaccharides 

Arabinose [C 5 H 10 O 5 ] 

+ 


Xylose [C 5 H 10 O 5 ] 

AT 


Rhamnose [CeHxsOs *H 2 0] 

4* 


Dextrose [C6H 12 0 6 -H 2 0] 

4-4*+ 


Levulose [CeHjoOs] 

++ + 


Galactose [C 6 H 12 06] 

++ 


Mannose [CeH^Og] 

+ 

Disaccharides 

Sucrose [C 12 H 22 O 11 ] 

++ + 


Maltose [CigHasOn -BbO] 

++ 


Lactose [Ci 2 H 22 0ii *H 2 0] 

++ 

Trisaccharides 

Melezitose [CisEWhe *2H 2 0] 

. I 

4-4*4- 

Non-sugars 

Starch [(CeBboOsln] 

+ 


Dextrin [(CcHxoOs)*] 

+ 


Inulin [(C 6 H 10 O s )6 -H 2 0] 

4- 

Alcohols 

Glycerine [C 3 H 5 (OH) 3 ] 

++ 


Mannite [C«H„(OH),] 

4- 


a Only a few, extremely small tufts of spores developed on the control leaves, 
inoculated with mildew and supplied with tap water. Number of spores produced 
on these control leaves appeared to be less than one-hundredth as great as the 
number on leaves marked -K 

The roughly quantitative comparison recorded in table 3 
shows that the monosaccharides dextrose and levulose, the 
disaccharide sucrose, and the trisaccharide melezitose were 
most effective in increasing the susceptibility of the leaves 
to mildew. The monosaccharides xylose and galactose, the 
disaccharides maltose and lactose, and the alcohol glycerine 
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appeared to be less effective. And the monosaccharides ara- 
binose, rhamnose, and mannose, the non-sugars starch, dex¬ 
trin, and inulin, and the alcohol mannite seemed to be least 
effective. The reasons for these differences may be expected 
to depend upon a complex set of conditions, involving the 
rate of diffusion of the organic substance in question, the ability 1 ' 
of the leaf cells to absorb the substance directly or after di¬ 
gestion by enzymes, 2 the rate of translocation of the substance 
or of its products from the subepidermal to the epidermal 
cells of the leaf, the capacity of the leaf cells to convert the 
substance into forms that can be used by the parasite, etc. 
The action of the organic substance may in some cases involve 
injurious chemical and osmotic effects upon host and para¬ 
site. Since the branched haustoria of the mildew penetrate 
only the epidermal cells (Smith, 1900), it is obvious that the 
growth of the fungus should be markedly influenced by the 
kinds and concentrations of substances within these cells. 

All of the substances listed in table 3 are utilized by fungi 
and bacteria in artificial culture, and many of them induce the 
accumulation of starch in leaves supplied with them in dark¬ 
ness. By hydrolysis, of course, sucrose is converted into dex¬ 
trose and levulose; maltose into dextrose; lactose into dex¬ 
trose and galactose; melezitose into dextrose and turanose 
(isomeric with sucrose) and the latter into dextrose and levu¬ 
lose; starch into dextrin and maltose and the latter into glu¬ 
cose; and inulin into levulose. Little is known, however, 
concerning the nature of the chemical alterations which they 
undergo during utilization by fungi or by green leaves. 

It is interesting to note in this connection that when leaves 
are supplied with sucrose solutions in the dark, there is an 
increase in the protein content of the leaves (Saposchnikoff, 
1889, 1890, 1891, 1893), and proteins thus formed may be of 
importance in rendering wheat leaves susceptible to mildew. 
Although most fungi that can be grown in artificial culture are 
able to elaborate their own proteins from carbohydrates and 
simple mineral salts, sufficient evidence is not yet available 
to show how important a part the proteins of the host may 

2 It would be expected that absorption of colloidal starch could occur 
only after extracellular digestion, such as takes place in cultures of fungi or 
bacteria growing in starch media. 
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have in the development of obligate parasites. From present 
knowledge, it would not' be safe to assume that the degree 
of susceptibility of wheat to mildew is simply a question of 
the kinds and concentrations of carbohydrates present in the 
wheat. 

Fromme (1913), in attempting to explain the retardation 
of growth of oat rust on its host in the dark, suggests that 
the fungus may be dependent on the transition products of 
photosynthesis. The present tests indicate that mildew de¬ 
velopment may depend just as well upon products of diges¬ 
tion as upon products of photosynthesis. And it is apparent 
that many different carbohydrates, as well as glycerine and 
mannite, may furnish the -wheat leaf with materials which, 
directly or indirectly, allow the fungus to derive nourishment. 

The obligate parasitism of the rusts might be explained, 
according to Fromme (1913), by their dependence upon transi¬ 
tion products in photosynthesis, or similarly, according to 
Mains (1917), by their requirement of some transitory or 
nascent organic products (certain stereoisomers, possibly) 
related to the carbohydrates, which they obtain, only in the 
living host. 

Specific food requirements of fungi have been found in 
many cases since Pasteur’s original discovery of the action 
of Penicillium glaucum on dextro-, levo-, and racemic-tar¬ 
taric acid. 

Leach (1919) has elaborated an hypothesis to explain the 
phenomena of rust resistance and biologic specialization in 
rusts. He supposes that each biologic form of rust has its speci¬ 
fic food requirements, conforming with the molecular con¬ 
figuration of its protoplasm. This food, w T hich is in turn speci¬ 
fic in relation to the protoplasm which produces it, is found 
only in a limited number of host species. When, a given bio¬ 
logic form of rust invades a plant that does not contain .this 
specific food, the fungus consequently dies of starvation and 
in this process of starvation secretes an enzyme that is in¬ 
jurious to the plant cells with which it comes in‘ contact. 

Experimental evidence is not yet available concerning the 
forms of food directly utilized by the rusts or by the mildews. 
It is clear, however, that the proper transformation of any 
one of many carbohydrates, as well as of glycerine and mannite, 
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occurs readily in the wheat leaf so that the required foods 
are supplied to the mildew. It is obvious, of course, that the 
reason why wheat is often susceptible to wheat mildew while 
barley is always Immune to this fungus cannot be explained 
in terms of carbohydrate content (since both wheat and barley 
may have the same amount); but it might possibly be ex¬ 
plained, as suggested by Leach, in terms of the kind of car¬ 
bohydrate—no two plant species having exactly the same kind 
of starch, protein, etc. 


TABLE 4 


Development of mildew on leaves of wheat kept in dark and supplied with various 
concentrations of sucrose in tap water 


CONCENTRATION 

DEVELOPMENT 

OF MILDEW 

Relative carbon 
concentration 0 

Grams per 100 cc. 
of solution 

j 

0 

0 

Qb 

1/512 

0.003 

o b 

1/256 

0.007 

o b 

1/128 

0.013 , 

o h 

1/64 

0.027 

o b 

1/32 

0.053 

o b 

1/16 

0.107 

o 6 

i/8 

0.214 

+ 

1/4 

0.428 

4- 

1/2 

0.855 

+ 

1 

1.711 

1 + 4-4 

2 

3.422 

++4 + 

4 

6.844 

+ + 44 + 

8 

13.687 


16 

27.374 

^ —|—j— | —j_ 


a Ratio of carbon concentration to carbon concentration of a 0.1 M dextrose 
solution. 

b Only a few, extremely small tufts of spores produced. 


Effects of the concentration of sucrose , dextrose , and glycerine 
upon the development of mildew on wheat leaves in darkness . 
The results recorded in tables 4-6 were obtained in tests 
made to determine effects of different total concentrations of 
sucrose, dextrose, and glycerine upon the susceptibility of 
wheat leaves to mildew in darkness. In tables 4 and 5 the 
concentrations are expressed as relative values in which unity 
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represents a carbon concentration equivalent to that of a 
0.1 M dextrose solution. In table 6 the concentrations are 
given in terms of osmotic value. 

Only a few, extremely small tufts of mildew spores, general¬ 
ly visible only with the aid of a hand-lens, appeared on the 
leaves supplied with tap water alone. This development was 
so slight that it is recorded as zero in attempting to estimate 
the relative abundance of spores on the leaves (table 4). 
Relative concentrations of sucrose from 1/512 to 1/16 appeared 
to be no more effective in increasing the susceptibility of the 
leaves. But a clear increase in spore production was evident 
with relative concentrations of 1/8, 1/4, and 1/2; and increas¬ 
ingly higher concentrations gave greater development. The 
optimum concentration was not exceeded, since the highest 
concentration (16, or 27.374 grams of sucrose per 100 cc. of 
solution) allowed the most abundant production of spores. 

In the tests recorded in table 5 an attempt was made 
to estimate more accurately the relative abundance of mildew 
that developed on leaves supplied with a series ’of concentra¬ 
tions of sucrose, dextrose, and glycerine. The preparation 
showing the greatest development of spores per unit leaf 
area was assigned a value of 100, and indices were given to 
the other preparations by comparison with this standard. 
Development of mildew in the tap water controls was ex¬ 
tremely slight. With the sucrose solutions the abundance 
of mildew increased rapidly as the concentration became 
higher, and an optimum is indicated for a relative concentra¬ 
tion of 16. Spore production on leaves supplied with the op¬ 
timum solution was. much more abundant than was ever 
observed on cultures in the greenhouse. Similar results were 
obtained with dextrose solutions. The lower concentrations 
of dextrose appeared to give somewhat higher values than 
the corresponding concentrations of sucrose, the optimum 
was reached at a lower carbon concentration than with su¬ 
crose, and a marked falling off in mildew development occurred 
with the highest concentrations. The lower concentrations 
of glycerine seemed to be more effective than similar con¬ 
centrations of either sucrose or dextrose; the optimum was 
attained at a carbon concentration of only 4, and a rapid 
decrease in mildew is evident for concentrations exceeding 
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the optimum. At its optimum concentration glycerine was 
only about 50 per cent as effective as sucrose at its optimum, 
and dextrose was about the same as sucrose. 

The data of table 5 have been rearranged in table 6 to bring 
out the relation of the osmotic concentration of the solutions 
to the development of mildew in the dark. Approximate 
osmotic values were calculated by the formula t= MRT , in 

TABLE 5 


Development of mildew on leaves of wheal kept in dark and supplied with various 
concentrations of sucrose , dextrose , and glycerine in tap water 


RELATIVE CARBON 

CONCENTRATION' 1 

DEVELOPMENT OP MILDEW 

Sucrose 

Dextrose 

Glycerine 

' 0 

Ok 

0& 

0* 

1/32 

1 

1 

1 

1/16 

1 

1 

1 

1/8 

1 

1 

2 

1/4 

1 

1 

3 . 

1/2 

5 

3 

4 

1 

10 

20 

10 

2 

20 

40 

40 

4 

70 

70 

50 

8 

90 

90 

20 

16 

100 

45 

5 

32 

50 

10 

1 


° Ratio of carbon concentration to carbon concentration of a 0.1 M dextrose 
solution. Thus, each of the following solutions has a relative carbon concentration 
of unity: 0.05 M sucrose, 0.1 M dextrose, 0.2 M glycerine. 

6 Only a few, extremely small tufts of spores produced. 

which 7r is the osmotic value in atmospheres, M is the volume- 
molecular concentration, R is the constant 0.082, and T is 
the temperature on the absolute scale (here considered to be 
273 plus 21, or 294). The formula thus becomes ir- 24.1 M. 
In making these calculations, osmotic values are thus assumed 
to be directly proportional to volume-molecular concentra¬ 
tions. It is to be noted that for equivalent carbon con¬ 
centrations the volume-molecular concentrations, and there¬ 
fore the osmotic concentrations, are as 0.05:0,10:0.20 or as 
0.5:1:2 for sucrose (Ci 2 H 22 0ii), dextrose (C 6 Hi 2 0e), and gly¬ 
cerine (CaHb(OH)a), respectively. 
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Examination of table 6 shows at once that the optimum 
osmotic value for mildew development is 19.28 atmospheres 
(or 0.8M) for each of the substances, although the relative 
carbon • concentrations of the optimum solutions, as shown in 
the preceding table, are different—16 for sucrose, 8 for dex¬ 
trose, and 4 for glycerine. 3 This suggests that the optimum 
concentration for each substance is limited by the osmotic 

TABLE 6 


Relation of osmotic concentration of solutions of sucrose, dextrose , and glycerine to 
development of mildew on leaves of wheat in darkness 


OSMOTIC 

concentration, 

atmospheres" 

DEVELOPMENT of mildew 

Sucrose 

Dextrose 

Glycerine 

0 

o h 

Q & 


0.04 

1 

— 

— 

0.08 

1 

1 

— 

0.15 

1 

1 

1 

0.30 

1 

I 

1 

0.60 

5 

1 

2 

1.21 

10 

3 

3 

2.41 

20 

20 

4 

4.82 

70 

40 

10 

9.64 

90 

70 

40 

19.28 

100 

90 

50 

38.56 

50 

45 

20 

77.12 

— 

10 

5 

154,24 

— 

— 

1 


a Calculated by formula w — 24. IM. in which t r is the osmotic value in atmos^ 
pheres and M is the volume-molecular concentration. 

b Only a few, extremely small tufts of spores produced. 


properties of its solution, and may be related to serious in¬ 
jury through plasmolysis of leaf cells, to low water-supplying 
power of the solution, to high vapor-pressure deficit of the 
atmosphere above the solution, etc. A comparison of tables 

3 The optimum sucrose solution contains 27,37 grams per 100 cc. of 
solution; the optimum dextrose solution 14.41 grams of the anhydrous sugar; 
and the optimum glycerine solution, 7.36 grams. These values represent 
approximately the percentages of solute. For accurate equivalents on the per¬ 
centage basis (grams of solute per 100 grams of solution), the densities of the 
solutions would have to be known. 
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5 and 6 indicates that the increase in mildew development, 
below the optimum, is correlated more closely with the carbon 
concentration of the solution than with its osmotic concentra¬ 
tion. Thus, for the lower concentrations the capacity of the so¬ 
lution to induce the development of the mildew on the wheat leaf 
seems to be largely determined by carbon concentration and 
to be nearly the same for different kinds of solutions equiva¬ 
lent in carbon concentration. But as the carbon concentra¬ 
tion of a solution of any one of the substances is increased, 
the increase in effectiveness appears to reach a limit deter¬ 
mined by osmotic properties. The optimum solutions of su¬ 
crose, dextrose, and glycerine gave indices of mildew develop¬ 
ment of 100, 90, and 50, respectively. These differences seem 
to be determined, in part at least, by the fact that without 
exceeding 19.28 atmospheres a relative carbon concentration 
of 16 may be obtained with sucrose, while the corresponding 
carbon concentrations obtainable with dextrose and glycerine 
are only 8 and 4, respectively. 4 

In general a given osmotic concentration of sucrose induced 
the production of more mildew than did the same osmotic 
concentration of dextrose, and the latter had a greater effect 
than glycerine (table 6). Solutions having the same osmotic 
value also have the same number of molecules per unit volume, 
but each molecule of sucrose contains twice as many atoms 
of carbon as a molecule of dextrose, and a molecule of the 
latter has twice as many as a molecule of glycerine. Thus, 
with solutions equivalent in molecular concentration, effec¬ 
tiveness in promoting mildew development appears to be di¬ 
rectly related to the amount of carbon contained in each 
molecule. 

The capacity of a solution of an organic substance to in¬ 
crease the susceptibility of the leaf to mildew may be ex¬ 
pected to depend upon a very complex set of conditions. 

4 In interpreting these results, it should of course be borne in mind that 
the optimum concentration for each substance might be determined more pre¬ 
cisely by using a series of solutions with smaller gradations in concentration. 
In the series here employed, each solution has double the concentration of the 
preceding solution. Although the optimum osmotic concentration, as here 
determined, is 19.28 atmospheres, it should be recognized that the exact 
optimum might lie at a somewhat different concentration between 9.64 and 
38.56 atmospheres. 
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The following conditions may be mentioned as important in 
this connection: (a) the power of the solution to supply or¬ 
ganic material to the leaf (depending mainly upon the nature 
and molecular concentration of the dissolved substance), 
(b) the capacity of the leaf to absorb the organic substance 
in question, (c) the possible rate of conduction of the organic 
substance or its products to the epidermal cells, (d) the cap¬ 
acity of the leaf to transform the substance into materials 
that can be utilized by the fungus, and (e) the nature and de¬ 
gree of chemical and osmotic effects which the solution exerts 
upon host and parasite. 

Only very small amounts of starch were found in unin¬ 
fected and infected wheat leaves supplied in the dark with 
solutions of sucrose, dextrose, or glycerine. Tests were made 
in the usual way, by placing leaves in boiling water for one 
minute, then in alcohol until decolorized, and finally in a weak 
solution of iodine in fifty per cent alcohol, with enough chloral 
hydrate to nearly saturate the solution. The leaves showed 
no blue coloration to the naked eye, and microscopic examina¬ 
tion revealed only a very small number of starch grains, in 
the bundle sheaths. Wheat leaves from plants out-of-doors 
also contained no starch or only a very slight trace. The wheat 
plant apparently stores soluble carbohydrates as such and 
does not transform them into starch. Even the amount of 
soluble carbohydrate accumulated seems to be small under 
usual conditions with the leaf attached to the plant. Sugar 
analyses would be instructive in this connection. 

The mineral nutrition of these wheat leaves did not appear 
to be a limiting factor in the ability of the leaves to support 
mildew in these experiments. Mildew development was found 
in preliminary tests to be nearly the same on excised leaves 
supplied with a number of different three-salt solutions con¬ 
taining sugar; and the results seemed to be the same when 
tap water or distilled water was used in preparing sugar solu¬ 
tions. Since the susceptibility of plants grown for longer 
periods in solution cultures may be markedly influenced by 
the composition of the solution (Trelease and Trelease, 
1928), it may be expected that leaves in darkness may be found 
to differ in susceptibility if variations in mineral supply are 
sufficiently pronounced. The present study suggests, more^* 
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over, that low susceptibility of plants grown in some culture 
solutions may result from an inhibition of the normal manu¬ 
facture of carbohydrates in the leaves; this might occur, for 
example, when the culture solution contained toxic concen¬ 
trations of salts of the heavy metals or when it contained the 
usual mineral nutrients in markedly unbalanced proportions. 

Chlorophyll disappears rather rapidly from wheat leaves 
supplied with the various sugars in darkness, so that pro¬ 
nounced chlorosis is evident after from seven to ten days. 
Differences were observed, however, in the rate of chlorophyll 
disappearance from leaves receiving the various solutions, 
the most conspicuous difference being the longer retention 
of the chlorophyll in leaves supplied with glycerine. The 
green color also remained longer in leaves that were free from 
mildew—uninoculated leaves in carbohydrate solutions and 
inoculated leaves receiving only tap water or distilled water. 
Thus, mildew infection hastens the disappearance of chloro¬ 
phyll from the leaf in the dark as well as in the light. Chloro¬ 
phyll persisted longer in the neighborhood of mildew spore 
tufts than in other parts of the leaf. This is the so-called green- 
island phenomenon, widely observed and reported in the lit¬ 
erature of the rusts (see especially Rice, 1927). Reed (1904) 
reported that cells of the infected areas of the rye leaf retained 
their green color for a longer time than the other cells, while 
the reverse was true for the blue-grass leaf. 

When the spores were scraped from leaves kept in the dark 
a new tuft of spores developed in one or two days. Spores 
continued to be produced for more than a week, until the 
leaves gave every external indication of being dead. Thus, 
the process appeared to be like that occurring in infected 
leaves in the greenhouse. 

That chlorphyll is unnecessary for the development of 
mildew in the dark was clearly shown by a test with etiolated 
leaves, made at the same time as the tests recorded in tables 
5 and 6 and with seedlings of the same age but grown in the 
dark. The leaves lacking chlorophyll were treated in the same 
manner as the green leaves and were supplied with sucrose 
and dextrose solutions, each with a relative carbon concen¬ 
tration of 4, Mildew developed as rapidly and as abundantly 
on these leaves as on those which contained chlorophyll. 
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INFLUENCE OF CARBOHYDRATE SOLUTIONS UPON 
SUSCEPTIBILITY OF LEAVES DEPRIVED- 
OF CARBON DIOXIDE 

It would be expected from the preceding experiments and 
from Mains’s (1917) study of rusts that wheat leaves deprived 
of carbon dioxide would not be susceptible to mildew, even in 
the light, unless a suitable .carbon compound were supplied 
to the leaves. This was readily demonstrated by the test 
described below. 

Wheat plants, about 18 cm. high, were placed in the dark 
for two days so that most of their surplus carbohydrate food 
would be exhausted. The plants were then sprayed with dis¬ 
tilled water and heavily inoculated with mildew spores. Three 
leaves were removed and placed with their cut ends in tap 
water in a small vial, and the vial was suspended in a two- 
quart Mason jar. A wire passed around the neck of the vial, 
and a loop in the upper end hung on a hook inserted in a 
paraffined cork stopper that closed the mouth of the jar. 
The cork bore a straight calcium-chloride tube with a vial 
suspended about its lower end. This tube was filled with 
small pieces of pumice stone. The jar contained tap water to 
a depth of about 2.5 cm. A second jar was arranged with pieces 
of potassium hydroxide mixed with pumice in the calcium- 
chloride tube, and with potassium hydroxide solution (120 
grams of KOH in 400 cc. of water) replacing water in the 
bottom of the jar. A third jar was similar to the second ex¬ 
cept that a 3 per cent sucrose solution (relative carbon concen¬ 
tration, 1.75) was used instead of tap water in the vial holding 
the leaves. All three jars were placed in a north window of 
the laboratory. 

The first chamber thus contained ordinary air. The second 
and third contained air lacking carbon dioxide. The leaves in 
the first two chambers received tap water, while those in the 
third chamber were supplied with a carbohydrate solution. 

Well developed tufts of mildew spores appeared after five 
days on the leaves in the first and third jars; no spores were 
visible on the leaves of the second jar, even after ten days. 

This experiment shows that development of mildew spores 
does not occur on leaves exposed to light and kept in an atmos¬ 
phere free from carbon dioxide, but that the leaves may be- 
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come susceptible if supplied with a solution containing a 
suitable carbon compound. 

DISCUSSION 

Conditions determining the susceptibility oj wheat to 1 mildew . 
The results of the present study show that the susceptibility 
of the wheat leaf to a given strain of mildew was promoted 
by conditions which led to the accumulation of surplus carbo¬ 
hydrate in the leaf. Although it may be inferred that the de¬ 
gree of susceptibility was here controlled by carbohydrate 
content, sufficient information is not available to show whether 
the carbohydrates themselves, or whether other substances 
(proteins, etc.), whose formation is dependent on carbo¬ 
hydrates, are directly influential in determining susceptibility* 
The term susceptibility is used in a broad sense to denote the 
summation of the conditions within the host that tend to 
facilitate injury by the parasite. And the criterion of sus¬ 
ceptibility here employed is the relative abundance of mildew 
spores developed per unit area on a number of different leaves, 
which had previously been equally inoculated with mildew 
spores and then kept under conditions tending to assure uni¬ 
form pathogenicity of the parasite. 

It may be expected that many complex conditions operate 
together in determining the degree of susceptibility of a 
particular host to a given parasite. The relative quantitative 
significance of the various component conditions may be very 
different in different cases. Thus, it is conceivable that mor¬ 
phological conditions, nitrogen content of the host cells, 
water content, hydrogen-ion concentration, concentration of 
certain substances that are poisonous to the parasite, kinds and 
concentrations of carbohydrates, proteins, fats, enzymes, 
pigments, etc., may each exert a preponderating influence in 
certain cases. With the general conditions involved in the 
present study, susceptibility of the wheat leaf to a certain 
strain of mildew appears to be proportional to the carbohy¬ 
drate content of the epidermal cells of the host. 5 It therefore 

5 Failure of the host to supply the fungus with adequate food materials 
seems to be the simplest explanation of the low susceptibility of leaves lacking 
a carbohydrate excess. Other important features may, of course, be correlated 
with low food content—substances poisonous to the fungus may be produced 
most abundantly in host cells inadequately supplied with carbohydrate food, 
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seems worth while In this connection to summarize briefly 
the conditions that determine the carbohydrate content of 
the epidermal cells into which the parasite grows. 6 The carbo¬ 
hydrate content of the epidermal cells at any particular time 
may be considered to depend upon the following conditions: 

I. Past rates and periods of processes tending to increase carbohydrates 
in epidermal cells, depending upon: 

A. Rates and periods of entrance of carbohydrates into epidermal 
cells, depending upon: 

a. Carbohydrate content of subepidermal cells, depending upon: 

1. Rates and periods of processes tending to increase carbo¬ 

hydrate in subepidermal cells ; depending upon: 

(A) Rates and periods of entrance of carbohydrates from 

outside the cells (as from endosperm, from other 
parts of plant, or from carbohydrate solutions 
supplied to leaf). 

(B) Rates and periods of formation of carbohydrates in 

these cells: 

(a) By photosynthesis, depending upon: 

(1) Quality and intensity of absorbed light. 

(2) Carbon dioxide absorption. 

(3) Temperature. 

(4) Chlorophyll content. 

(5) Water content. 

(6) Concentrations of products. 

(7) Condition of protoplasm (dependent on the 

nature of the plant and on the sum total of 
previous physical and chemical conditions 
or stimuli). 

(b) By other physiological processes (usually a neg¬ 

ligible factor). 

2. Rates and periods of processes tending to decrease carbo¬ 

hydrates in subepidermal cells, depending upon: 

(A) Rates and periods of exit of carbohydrates (by trans¬ 

location, to epidermal cells, out of leaf, etc.). 

(B) Rates and periods of decomposition of carbohydrates 

(by respiration, protein formation, assimilation 
of protoplasm, etc.). 


or such cells may be most readily killed (hyper-sensitive) and thus lead to death 
of haustoria. Low protein content of the host cells, generally associated with 
deficient carbohydrate supply, may be an important condition in determining 
low susceptibility. 

6 It is of course realized that this outline is tentative and incomplete, and 
that even the relations which the outline attempts to indicate might be shown 
by a number of other schemes. 
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b. Rates and periods of movement of carbohydrates from sub- 
epidermal to epidermal cells. 

B. Rates and periods of formation of carbohydrates within epidermal 
cells, by photosynthesis in stomata! guard cells and by trans¬ 
formation of various organic compounds in epidermal cells. 

II. Past rates and periods of processes tending to decrease carbohydrates 
in epidermal cells, depending upon: 

A. Rates and periods of movement of carbohydrates out of epidermal 

cells (by movement into other host cells and into fungus 
haustoria). 

B. Rates and periods of decomposition of carbohydrates (by respira¬ 

tion, protein formation, assimilation, etc.). 

Absence of disease tender conditions of high susceptibility of 
the host . Since the actual development of disease depends 
not only upon the susceptibility of the host but also upon 
the pathogenicity of the parasite, sets of influential conditions 
may exist in which no development of the disease occurs in 
spite of high susceptibility of the parasite and heavy inocula¬ 
tion with mildew spores (see discussion by Trelease and Tre- 
lease, 1928). This appears to be the explanation of the usual 
absence of wheat mildew on plants growing out-of-doors in 
full sunlight. 

Duggar (1909) states that wheat under partial shade often 
is badly infected with powdery mildew, which in the central 
part of the United States is seldom, if ever, seen in the open. 
He also says that time and again, in that same region, one 
may observe that in the case of well-watered lawns the mildew 
of blue grass abounds in a circle rather sharply limited by the 
heavier shadow areas of trees. Butler (1918) states that wheat 
mildew in India has only been seen causing serious damage 
in half-shaded pot culture experiments. 

These general observations were confirmed by tests made 
during the summer in full sunlight and under deep shade of 
trees near the Columbia University greenhouses. Inoculated 
plants kept in the shade always became heavily infected with 
mildew, while those in the open usually showed only a slight 
flecking of the epidermis and no development of spore tufts. 

It appears probable that direct sunlight increases the 
rate of photosynthesis and therefore tends to increase the 
susceptibility of the host to mildew, but intense light seems 
also to inhibit the pathogenicity of the parasite, by direct 
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action or because of high evaporation and consequent drying 
of the mildew conidia and superficial mycelium. Thus, the 
actual development of the disease may be completely in¬ 
hibited in spite of the high susceptibility of the Host. 

Observations on the relation of temperature to mildew 
development have indicated that the optimum temperature is 
about 20°C., and that practically no development of mildew 
occurs at 30°C. It is impossible as yet, however, to state 
to what degree the checking of the disease by high temperatures 
depends upon low pathogenicity of the parasite and to what 
degree it depends upon low susceptibility of the host (the 
latter possibly associated with low carbohydrate content as 
the result of high rates of respiration and low rates of photo¬ 
synthesis). Reed (1916) observed that only very slight in¬ 
fection occurred on plants kept under bell-jars exposed to 
bright ^sunlight in a greenhouse that had not been white¬ 
washed. He attributed the low degree of infection to the high 
temperature within the bell-jar, but he did not determine 
the relative effects of temperature upon host and upon parasite. 

SUMMARY 

Wheat plants must be exposed to light in order to render 
them susceptible to mildew (as indicated by their capacity 
to support development of mildew and production of spores) 
under usual conditions. When infected plants were placed in 
the dark for one or two days and later removed to the light, 
the incubation period was nearly as short as for plants not put 
in the dark (about three and one-half days). When similar 
plants were placed in the dark from three to six days, the in¬ 
cubation period was lengthened by a period which was about 
two days less than the initial period in darkness. Plants left 
in the dark for seven or eight days were nearly dead at the 
end of this time, and no mildew developed on them. 

Wheat leaves in darkness were susceptible to mildew and 
supported an abundance of conidia if they were supplied 
with a solution containing any one of many carbohydrates 
or with a solution containing glycerine or mannite. Only a few 
very small tufts of conidia appeared on similar leaves supplied 
with tap water containing no carbohydrate. 

Chlorophyll fa not necessary, since mildew developed 
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as readily on etiolated leaves in the dark as on green leaves, 
if a carbohydrate or glycerine was supplied to the leaves. 

Salt nutrition was not a limiting factor under the condi¬ 
tions of these tests, since a carbohydrate solution made with 
distilled water was about as effective as such a solution made 
with tap water or with a nutrient salt solution. 

The capacity of solutions of sucrose, dextrose, and gly¬ 
cerine to render leaves in the dark susceptible to mildew ap¬ 
pears to be directly related to the carbon concentration of 
the solution. Susceptibility increased with increase in con¬ 
centration until a limit was reached which apparently depends 
upon the osmotic properties of the solution, this limit being 
about 19 atmospheres for each of the three substances. 

Leaves exposed to light and kept in an atmosphere free 
from carbon dioxide were not susceptible to mildew unless 
they were supplied with a carbohydrate solution. 

Leaves of very young plants, which were receiving a supply 
of carbohydrates and other materials from the endosperm, 
were slightly susceptible to mildew in darkness. Leaves de¬ 
tached from these plants and placed in tap water in darkness 
were also slightly susceptible. 

All of the data secured in the present tests indicate that 
a relatively large surplus of carbohydrate in the host leaf is 
necessary for the abundant development of mildew; the supply 
of carbohydrate must be considerably greater than that re¬ 
quired for retention of life by the leaf. Under usual condi¬ 
tions the carbohydrates may be transition products of photo¬ 
synthesis, but they are not necessarily such products, since 
cut leaves may be rendered susceptible to mildew if supplied 
with a solution of glycerine or of any one of many carbohy¬ 
drates. 

The development of the mildew appears to be strictly 
limited by the life of the host. No tendency was observed 
for the mycelium to spread in the carbohydrate solution be¬ 
yond the leaves. The green island phenomenon, moreover, 
suggests the very intimate and possibly even mutualistic 
relation between the host and the obligate parasite, and in¬ 
dicates that the development of the parasite is dependent 
upon the continuance of the host’s metabolism. 

In the present experiments, as well as in a series of tests 



1929] 


TRELEASE AND TRELEASE: WHEAT MILDEW 


91 


on the influence of mineral nutrition on susceptibility, no 
evidence was obtained which indicated that starvation or 
any other form of injury to the host favors the development 
of the mildew. 

Although the present tests emphasize the need of more 
accurate criteria of health and vigor than are now available, 
a direct relation between general health or vigor of the wheat 
leaf and susceptibility to mildew seems to be suggested by 
these studies dealing -with the carbohydrate nutrition of the 
leaf. That carbohydrates are significant not only as materials 
for assimilation but as sources of energy in protein synthesis 
is well established. The known facts and the probable rela¬ 
tions of carbohydrates to the essential metabolic processes 
of both host and parasite point to the general conclusion that 
conditions which tend to lower the vigor of the host decrease 
the susceptibility of wheat leaves to mildew and conversely 
conditions which tend to favor the life processes of the wheat 
plant increase its susceptibility to mildew. This conclusion is 
in accord with the results of most workers on parasitic dis¬ 
ease in plants and apparently contradicts sweeping statements, 
found in current treatises on animal pathology, regarding the 
direct relation of lowered vitality to susceptibility. 

Columbia University 
New York City 
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New species of fossil plants from the Tertiary shales 
near De Beque 5 Colorado 

Arthur Hollick 
(with plate 2) 

The three species here described and figured were included 
in a collection of about forty specimens transmitted to me for 
identification, in August 1928, by the Department of Public 
Education of the American Museum of Natural History, 

Apparently two different floras were represented in the 
collection. One, which included about two thirds of the speci¬ 
mens, contained a number of species characteristic of the 
Florissant lake-bed deposits, such as Celastrus fraxinifolius 
Lesquereux, Fagopsis longifolia (Lesquereux) Hollick, Lomatia 
cf. terminalis or tripartita Lesquereux, Myrica coloradensis 
Knowlton, Myrica drymeja (Lesquereux) Knowlton, and Rhus 
coriarioides Lesquereux. These may be inferred to be of Oli- 
gocene or Miocene age. The other flora, included in the re¬ 
mainder of the specimens, contained several species typical 
of the Green River shales, such as Aralia wyomingensis Knowl¬ 
ton & Cockerell, Myrica praedrymeja Knowlton, and Quercus 
castaneopsis Lesquereux, which are Eocene in age, and others 
that represented undescribed species. Among the latter were 
the three that form the subject matter of this paper. 

The collection, in its entirety, is recorded as having been 
made by Mr. Edmund Reynolds, at ‘different altitudes’, in 
the Tertiary oil shale beds in the vicinity of De Beque, Colo¬ 
rado. The probability appears to be that specimens from two 
different geological horizons are included in the collection; 
that the three specimens here described belong in the older 
one; and that this one represents the upper part (Bridger 
formation) of the Green River shales. 

If fuller information should be desired in regard to the 
exact stratigraphic relations of the shales, the subject may 
be found critically and exhaustively discussed by Dr. F. H. 
Knowlton, in his 'Revision of the flora of the Green River for¬ 
mation, with descriptions of new species’ 1 . 

1 U. S. Geol. Survey, Prof. Paper 131-F (Shorter contributions to general 
geology. 1922), pp. 133-182. pi 36-40. Mar. 30, 1923. 
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Pontederites thecoides n. sp. Organism apparently rep¬ 
resenting the remains of a membranous spathe, sheath, or 
bract-like leaf, 12 or more centimeters in length, expanded at 
one extremity to a width of about 2 cm., and contracted, for a 
distance of 3.5 cm. at the opposite extremity, to a width of 
about .75 cm.; nervation consisting of numerous closely approxi¬ 
mated parallel veins, including a major series and an obscurely 
defined minor series between, the two series connected by 
numerous cross veinlets that subtend approximately right 
angles with their supporting veins, forming a fine quadrangular 
reticulation throughout. Museum New York Bot. Card. No. 
IT (plate 2, fig. 1). 

Numerous comparisons were made between this specimen 
and various parts of a number of existing species of mono- 
cotyledonous plants, without, however, arriving at satis¬ 
factory conclusions in regard to either its generic relationship 
or its morphologic status. It may be inferred, however, without 
question, that it belongs in the Monocotyledoneae, and its 
general appearance is suggestive of a flattened spathe or 
floral bract, or a clasping basal leaf or sheath common to cer¬ 
tain plants such as are represented in the genus Musa , and in 
the genera Pontederia , Piaropus , etc., in the Pontederiaceae, 
and Peltandra , Orontium , etc., in the Araceae; but which is 
the distal and which the proximal extremity of the specimen 
I am unable to determine. The broader, disrupted part may 
have been spathe-like, originally; and the dark, irregular 
patches, that are conspicuous features where a portion of 
the membranous area is missing, are suggestive of some dis¬ 
integrated enclosed organ, such as a spadix or flower cluster. 
On the other hand it also presents somewhat the appearance of 
a basal stem sheath, tubular and clasping below, open and flar¬ 
ing above. In the circumstances any more definite expression 
of personal opinion would appear to be of little value or in¬ 
terest. 

Reference of the species to the genus Pontederites Knowlton 2 
might, perhaps, be regarded as not entirely justified. The 
genus was based by the author on a disrupted fragment of 
what he inferred to be the apical part of a monocotyledonous 
leaf resembling those of Pontederia cordata Linnaeus. His 
figure shows indications of a midvein, which feature is not ap- 

2 Knowlton, F. H., op. oil,, p, 154, pi. 36, fig . 6. 
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parent In our specimen. Otherwise, however, the nervation 
appears to be mutually identical; and inasmuch as both speci¬ 
mens belong in one and the same geological horizon there 
would seem to be no inconsistency in relegating them to one 
and the same genus. They may, in fact, represent different 
organs of a single species—one a leaf, the other a spathe or 
sheath. 

Odostemon Reynolds!! n. sp. Leaflet lanceolate-ovate in 
shape, coriaceous, about 5 cm. in length by 2.5 cm. in maxi¬ 
mum width, tapering above, rounded below to a broad cuneate 
base, short petiolate; margin finely denticulate from the widest 
part of the leaflet upward, entire below; nervation pinnate, 
craspedodrome; secondary nerves irregularly spaced and dis¬ 
posed, subtending various angles with the midrib, flexed and 
angled, the angles connected by tertiary cross nervation, with 
ultimate fine nervilles extending to the marginal denticulations. 
Mus. New York Bot. Gard. |f (plate 2, fig. 2). 

Practically the only discernible difference between this 
specimen and many of the leaflets of existing species of Odos¬ 
temon Rafinesque (= Berberis Linnaeus, and Mahonia Nuttall) 
is the fine marginal denticulation of the fossil as compared with 
the prevailingly coarser dentition in most of the existing species. 
Heterophylly, however, is a well marked character of the genus, 
and leaflets may be readily selected from individual plants that 
are strikingly similar to ours in form and in marginal features, 
especially in specimens of Odostemon nutkanus (DC.) Gaines, 
and 0. pallidas (Hartweg) Gaines, of western North America. 

The texture of our specimen was obviously thick and 
coriaceous, as indicated by the obscurely defined secondary 
and tertiary nervation; and the symmetry of shape, as well as 
the presence of a petiole, would seem to indicate that It was a 
terminal rather than a lateral leaflet, which latter are prevail¬ 
ingly unsymmetrical and sessile in existing species. 

Several fossil species have been described from Tertiary 
deposits of the western United States, among which may be 
mentioned Odostemon simplex (Newberry) Cockerel! ( =Ber - 
her is simplex Newberry 3 ) as an example of their general foliar 
type; but, from the figures, it may be seen that none is likely 
to be confused with ours. 

3 Newberry, J. S. U. S. Geol. Survey, Mon. vol. 35 (The later extinct 
floras of North America), p. 97. pL 56, fig. 2. 1898. 
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The specific designation, Reynoldsii , is given in recogni¬ 
tion of Mr. Edmund Reynolds, the collector of the specimen. 

Staphylea Viridifiuminis n. sp. Capsule, flattened, ellip¬ 
soidal or obscurely obovate in outline, 4.5 cm. in length by 
2.75 cm. in maximum width, pedicillate, membranous and 
reticulate-veined throughout, apparently 3-celled or-divided, 
each division rounded proximad and distad, terminating dis- 
tally in a short awn or bristle, the three divisions compacted 
proximad, forming a curved-cuneate, apiculate base; sepals 
inferior, obscurely defined; pedicel about 3 mm. in length. 
Mus. New York Bot. Gard. No. r> *~ (plate 2, fig. 3): 5 

This specimen obviously represents a compressed and rup¬ 
tured pod or capsule belonging to the genus Staphylea , and one 
so closely comparable with those of the existing S . trijoliata 
Linnaeus as to be impossible of differentiation if, for example, 
a flattened herbarium specimen is utilized for comparison. 
Incidentally, also, attention may be called to the rounded 
and the longitudinal markings in the median part of our spec¬ 
imen, which are strikingly suggestive of impressions of seeds 
and their accompanying placentae. 

Several American Tertiary species of Staphylea —based upon 
the leaflets only—have been described and figured. One of 
these in particular— Staphylea acuminata Lesquereux 4 —from 
accredited Miocene or Oligocene deposits in Colorado, is sat¬ 
isfactorily identifiable with the genus; and, in as much as its 
geologic age is relatively close to that of our specimen, it 
might be of interest to speculate upon the possibility that 
these leaflets and the capsule now under consideration raav be 
identical specifically, as well as generically. Future collec¬ 
tions, in one or another of the deposits in which either the 
capsule or the leaflets were found, ought to bring such remains 
to light, associated together. 

In conclusion the following quotation from Lesquereux’ 
discussion {op, cit, y p. 267) may be of interest: 'The species 
[Staphylea acuminata] is remarkably similar, considering the 
leaves at least, to the North American S. trifoliata Linn/ 

4 Lesquereux, Leo. U. S. Geol. Survey Terr., Rept. vol. 7 (The Tertiary 
flora), p. 267. pi. 48, figs. 4 , 5. 1878; idem, vol. 8 (The Cretaceous and Tertiary 
floras), p. 183. pi. 36, figs. 1-4. 1883. 

5 Plate 2 from photographs by Henry C. Hartmann. 









Studies on the flora of northern South America—XII 1 
H. A. Gleason 

Cyphostyleae— a new tribe of Melastomataceae 

Stems woody. Leaves 5-pli-nerved. Inflorescence race- 
rciose, terminal or axillary. Flowers 5-merous. Hypanthium 
and calyx densely hirsute, the calyx calyptriform, deciduous 
at anthesis, entire or separable into five sepals. Petals ample. 
Torus expanded horizontally even before anthesis, thick and 
fleshy, bearing the stamens and petals on its distal face, more 
or less arched over the mouth of the hypanthium. Stamens 5, 
episepalous in position, the stout filaments strongly incurved 
at the summit and again recurved to the erect anther; anthers 
oblong, stout, 2-celled, opening by a lateral pore at the summit 
of the deep ventral furrow; connective neither prolonged nor 
appendaged, continued without obvious articulation into the 
filament. Ovary wholly inferior, 5-celled; ovules numerous, 
minute, on an elongate placenta which is attached to the axial 
angle of the loculus by its center only. Style clavate, stout, the 
summit sharply curved or recurved to the broad truncate 
stigma. Fruit a capsule, dehiscent by 5 valves. Seeds numerous, 
straight, the raphe surrounded by a broad fimbriate wing. 

The tribe differs from all other melastomes in numerous 
characters. Calyptriform deciduous calyces are rare in the 
family, but occur in several genera. An expanded, terminal, 
pentagonal, fleshy torus is unknown to me elsewhere in the 
family. Several genera with strongly dimorphic stamens tend 
to suppress completely the inner circle, as Monochaetum , but 
the condition is comparatively rare, while the shape of the 
stamens, with their stout anthers set on S-shape filaments, 
is peculiar to the new tribe. Several genera present anthers 
with apparently lateral pores, caused by the bending of the 
anther immediately at the summit, but in the Cyphostyleae the 
anther is straight and the pore distinctly lateral. In various 
genera the style is gently curved or more or less sigmoid, but 
no others have such an abrupt hook at the summit of a cla¬ 
vate style. In no other genera known to me are the placentae 
attached by their centers only, with their ends extending 
down and up through the loculus. While capsular fruits are 
characteristic of eight tribes of the subfamily Melastomeae, 

1 Contributions from The New York Botanical Garden, No. 307. 
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they proceed almost invariably from ovaries wholly or nearly 
superior, while here the ovary is completely inferior. Two 
genera are included: 

Inflorescence axillary; calyx separating into distinct sepals before failing; 
torus sharply pentagonal, the projecting lobes simulating calyx-lobes 
but opposite the petals; summit of the anther arched over the pore, 
which is directed basally; summit of the style recurved; leaves strongly 

anisophylious. .- • . Allomaieta. 

Inflorescence terminal; calyx not separating into distinct sepals; torus round 
or obtusely pentagonal; summit of the anther not arched over the pore, 
which is distinctly lateral; summit of the style bent at. right angles; 
leaves of each pair essentially equal in size. Cyphostyla. 

Allomaieta gen. nov. 

Characters of the tribe. Stem, leaves, and inflorescence 
hirsute. Leaves unequal in each pair, the smaller cordate, the 
larger obovate; petioles short. Inflorescence small, axillary, 
the branches and short-pedicelled flowers subtended by subu¬ 
late bracts. Hypanthium campanulate, terminating in the 
acutely pentagonal torus. Sepals large, erect and connivent 
before anthesis, soon deciduous. Petals large, obovate, obtuse. 
Ovary glabrous. Stigma truncate-retuse. Fruit capsular, the 
hypanthium dehiscent to the middle in five valves. Seeds 
minute, semiovoid, the raphe surrounded by a broad, deeply 
fimbriate wing. 

Allomaieta grandifiora n. sp. Petioles 5 or 10 mm. long, 
hirsute like the stem; smaller leaf-blades cordate-ovate, re¬ 
flexed, 15-30 mm. long, 12-20 mm. wide, obscurely 5-nerved, 
abruptly acute; larger leaf-blades obovate-oblong, the largest 
18 cm. long and 7 cm. wide, acuminate, entire, narrowed from 
above the middle to a cordate base, the auricles overlapping 
above the petiole, 5-pli-nerved, the intermediate pair arising 
2-3 cm. above the base; mid vein densely hirsute above, secon¬ 
daries prominulous only beneath, ascending at almost right 
angles, veinlets plane and finely reticulate; inflorescence 5-6- 
flowered, 2-3 cm. long; bracts 3-4 mm. long; pedicels about 
2 l mm. long; hypanthium 3 mm. long, obscurely 10-ribbed, 
densely hirsute; sepals narrowly triangular-lanceolate, 9 mm. 
long, acuminate, long-hirsute; petals broadly cuneate-obovate, 
obtuse, glabrous, entire, 22 mm. long; filaments stout, somewhat 
flattened, erect, about 4.5 mm. long; anthers acute, nearly 
2 mm. long; ovary radially 5-ribbed at the summit; style about 
5 imm. long; stigma 0.8 mm. in diameter; fruiting hypanthium 
about 5 mm. long, the valves spreading or somewhat recurved; 
seeds with semi-ovojd, sharply tuberculate body 0.25-0.4 mm. 
long, the wing as wide as the seed or somewhat wider. 
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Type, Ariste-Joseph 1083 , collected at Paime, Dept. Cun- 
dimarca, Colombia, and deposited in the United States Na¬ 
tional Herbarium as number 1,189,081 (duplicate in the her¬ 
barium of the New York Botanical Garden). 

The anthers are stout and plump, like those of Miconia 
section Amblyarrhena , but differ in their method of dehis¬ 
cence. Toward the base of the anther, the two pollen-sacs 
are separated by the usual suture; in the terminal quarter of 
the anther the sacs are confluent and project ventrally, so that 
the single pore is hidden beneath this projection and is directed 
basally. The fruiting hypanthium is only slightly enlarged 
and at maturity splits from the summit backwards about 
halfway to the base, along the lines of the sepalar mid-veins. 
The summit of the capsule of course splits radially at the same 
time and the dissepiments break from the axis, persisting along 
the wall of the hypanthium and leaving a free central axis. 
The minute seeds are semi-ovoid in shape and somewhat 
pointed. Along the straight side, or raphe, the seed bears a 
broad, thin, deeply fimbriate membrane surrounding the 
raphe and large enough to double the size of the seed proper. 

Cyphostyla gen. nov. 

Characters of the tribe. Inflorescence densely hirsute. 
Leaves essentially equal, ovate-oblong, on conspicuous petioles. 
Inflorescence terminal, loosely flowered, with long pedicels, 
the bracts none or early deciduous. Hypanthium obconic, 
densely hirsute with reflexed hairs. Sepals erect and united 
into a conic calyptra, deciduous at an thesis. Petals large 
purple, triangularly obovate or somewhat retuse. Ovary gla¬ 
brous. Stigma truncate-retuse. 

Leaves ovate-oblong, sharply acuminate.. C. Jmsuta. 

Leaves oblong, subacuminate to a blunt tip. C . villosa . 

Cyphostyla hirsuta n. sp. Stem, petioles, and inflorescence 
hirsute with purplish hairs 1-1.5 mm. long; petioles 5-10 mm. 
long; leaf-blades firm, ovate-oblong, the largest 9 by 3.5 cm., 
sharply acuminate, entire, appressed-ciliate with stout hairs, 
rounded at the base, 5-pli-nerved, the secondaries about 2 mm. 
apart; upper surface pubescent on the veins with short yel¬ 
lowish hairs 0.2 mm. long, hirsute on the surface proper with 
purplish hairs 1.5-1.7 mm. long; low r er surface pale green and 
softly villous on surface and veinlets with erect whitish hairs 
0.5-0.8 mm. long, sparsely hirsute on the primaries with purplish 
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hairs 1-1.5 mm. long; inflorescence 1-3 cm. long, few-flowered; 
hypanthiiim 6 mm. long, 6 mm. in diameter at the summit, 
fleshy, completely covered with stout, simple, retrorse bristles 
3.5 mm. long; calyptra 8 mm. long, hirsute like the hypan- 
thium; petals purple, 2 cm. long and broad; filaments about 
5 mm. long; anthers 5 mm. long; style about 9 mm. long. 

Type, Pennell 10,963 , collected at Primavera, Dept. An™ 
tioquia, Colombia, alt. 1800—2200 m., 22 Sep. 1922, and de¬ 
posited in the herbarium of the New York Botanical Garden* 

Cyphostyla villosa n. sp. Stem, petioles, and inflorescence 
pubescent, more densely toward the summit, with brownish 
papillose hairs 1-1.2 mm. long, the terminal seta soon de¬ 
ciduous; petioles 10-25 mm. long; leaf-blades oblong, thin, 
the largest 13 by 5 cm., subacuminate to a blunt tip, entire, 
obtuse at base, 5-pli-nerved, the secondaries 3 mm. apart; 
upper surface scabrous with short conic projections, many of 
which are tipped with strigose yellow hairs 1-1.5 mm. long, 
and villous on the veins; lower surface thinly villous on surface 
and veins alike with whitish hairs 0.5-1 mm. long; inflores¬ 
cence 10-15 cm. long, the lower pedicels as much as 3 cm. 
long and all jointed 5 mm. below the summit; hypanthium 
5 mm. long, densely hirsute with reflexed hairs 3 mm. long; 
calyptra 15 mm. long, hirsute like the hypanthium; petals 
purple, triangular, slightly retuse, 25 mm. long and broad; 
filaments 5 mm. long; anthers 3.5 mm. long; style 7 mm. 
long. 

Type, Toro 1038 , collected at Fredonia, vicinity of Medellin, 
Dept. Antioquia, Colombia, 30 June 1928, and deposited in 
the herbarium of the New York Botanical Garden. The mature 
fruit and seeds of both species Cyphostyla are as yet unknown. 

Hypericum, subsection Eubrathys, in northwestern 
South America 

The genus Hypericum is represented in northern South 
America only by the section Brathys . Of the numerous species 
in the region, the most striking in appearance are the shrubs of 
the subsection Eubrathys , characterized by their freely branch¬ 
ing, usually bushy habit and their small, crowded, frequently 
imbricate leaves. Considerable confusion has developed in 
the identification of the material of this subsection in American 
herbaria, due primarily to the lack of any adequate mono¬ 
graphic treatment since 1862, when Triana and Planchon dis- 
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cussed the species of Colombia. Keller supplied a key to the 
species of the group in 1908, unaccompanied by descriptions 
and citations, except for a few new forms therein proposed, 
and almost the same arrangement reappeared In the second 
edition of the Natiirlichen Pflanzenfamilien. As a further con¬ 
tribution to our knowledge of the group, the following key is 
offered, based primarily on the large amount of material in the 
herbarium of the New York Botanical Garden, which has been 
compared with the equally copious material at Kew and Ber¬ 
lin. It has been possible to see either types or authentic ma¬ 
terial of nearly every published species. 

All members of the group agree in the general structure of 
the flower, exhibiting lanceolate to ovate or obovate, rather 
stiff and erect, green sepals, strongly inequilateral, oblong to 
obovate-rotund, yellow petals, numerous (12-120 or more) 
distinct stamens, and three (rarely four or five) styles, which 
are connate only in the single species H. aciculare HBK., of 
Ecuador. I have not dissected this species and it is omitted in 
the key. Differences in the shape of the petals exist among the 
species, but their shape can not often be ascertained with ac¬ 
curacy, even after careful dissection. Diagnostic characters lie 
chiefly in the number of stamens and in the dimensions and re¬ 
lative proportions of the different floral parts. In these fea¬ 
tures each species shows a high degree of constancy. The floral 
structures must always be supplemented by the foliar char¬ 
acters, and the leaves vary from narrowly linear to broadly 
ovate or obovate, from thin to stoutly ellipsoid, and from in¬ 
volute to flat or revolute. In the key below, the shape and 
size of the leaf and the size of the petals, number of stamens, 
and proportions of styles and ovary is given for each species. 
A variation of about a fifth in dimensions may be expected In 
any series of specimens, so that a species stated to have petals 
10 mm. long will probably show extremes of 8 and 12 mm. 

Group 1. Leaves only 2-6 mm. long. 

Petals more than 10 mm. long; stamens about 100; styles 5-8 mm. long and 

2-3 times as long as the ovary. 

Leaves flat. 

Leaves recurved-spreading, crisped on the margin when dry, averaging 
2-3 mm. long.. H . thuyoides HBK. 

Leaves strictly erect, thick, firm, or subfleshy. 
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Leaves rather remote, ovate, flat, averaging 4 mm. long 

.. II. Hartwegi Benth. 

Leaves imbricate, narrowly ovate, involute or boat-shaped, those 
of the flowering branches only about 2 mm. long 

. II. myricariifolium Hieron. 

Leaves linear, involute. .H. laricifolium juss. 

Petals 5-9 mm. long; stamens few or many; styles 1.5-4.5 mm. long. 

Leaves thick and fleshy, somewhat boat-shaped, linear to oblanceolate, 
erect, longer than the internodes, 1.5-2.5 mm. long; stamens about 60; 

stifles twice as long as the ovary. H. Lindenii Keller. 

Leaves linear, involute, acerose. 

Stamens about 35; styles 1.5 mm. long, twice as long as the ovary 

. H. bryaides Gleason. 

Stamens about 90; styles 4.3 mm. long; ovary 3.5 mm. long 

. H. laricoides Gleason. 

Leaves flat, strictly erect and imbricate, somewhat fleshy or firm, ovate, 
about 5 by 3 mm.; stamens about 45; styles about 3 mm. long, twice 

as long as the ovary. H. quitense Keller. 

Leaves flat, thin, spreading, conspicuously exposing the quadrangular 
internodes, mostly 3-6 mm. long. 

Stamens 20-30; styles 2mm., ovary 1.4 mm. long 

... II. loxense Benth. 

Stamens about 100; styles 4.5 mm., ovary 1.5 mm. long 

... II. carinasum Keller. 

Group 2. Leaves revolute. 

Stamens about 100; petals 13 mm. long; styles 8 mm. long, three times as 
long as the ovary; leaves linear, 8-10 mm. long 

. II. chamaemyrtus Tr. & PL 

Stamens about 25; petals 8-10 mm. long; styles 0.5 mm. long, less than half 
as long as the ovary; leaves lanceolate, 1 cm. long 
. II. gnidioides Seemann. 

Group 3. Leaves narrowly linear, acerose, involute, about 10 mm. long. 
Stamens 12-40; petals 4-7 mm. long. 

Styles normally 5, about equaling the ovary... II. Brathys Lam. 

Styles 3, much shorter than the ovary. II. strictum HBK. 

Stamens 60-120; styles about equaling the ovary. 

Petals about 7mm., filaments 4 mm., styles 1.9 mm. long 

. H. Holtoni Gleason. 

Petals 10-14 mm., filaments 6 mm., styles 4-4.5 mm. long. 

Leaves acicular, about 1mm. wide, closely involute 

.. II, struihiolaefolium J uss. 

Leaves linear, 2-4 mm. wide, scarcely involute 

• . *. H . Weberbaueri Keller. 

Group 4. Leaves flat, 6-25 mm. long. 

Stenophyllous species: leaves 2.5-4 mm. wide and 4-8 times as long. 
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Styles 1.5-2 mm. long, about half as long as the ovary. 

Stamens 20-30; styles 4; petals about 5 mm. long 

.77. Jaknii Keller. 

Stamens about 50; styles 3; petals about 10 mm. long 

.77. laticifolium Gleason. 

Styles a third to a half longer than the ovary. 

Petals 7 mm., sepals 6 mm. long; stamens 40-50. 

Flowers solitary at the tips of the branches 

. H . thymijolium HBK. 

Flowers in small clusters.77. Jussiaei PL & Lind. 

Petals about 10 mm. long; sepals 9 mm. long; stamens 60-70 

.77. Weberbatieri Keller. 

Styles 2.5-3 times as long as the ovary; stamens 80-100. 

Petals 6-7 mm. long; styles 4.5 mm. long. .77. carinosum Keller. 

Petals 14 mm. long; styles 8.5 mm. long. . .77. Phellos Gleason. 
Platyphyllous species: leaves 3-10 mm. wide and 2-3 times as long, or even 

proportionately broader; petals 10-14 mm. long. 

Styles 2-3 times as long as the ovary; stamens 80-120. 

Leaves elliptic, sharply acute.77. stenopetalum Turcz. 

Leaves obovate, obtuse or rounded.77. platyphyUum Gleason. 

Styles equalling or somewhat longer than the ovary; stamens 40-55. 

Leaves obtuse or rounded, elliptic...77. mexicamini L. 

Leaves sharply acute. 

Leaves ovate-lanceolate, falcate, glaucous, flabellately nerved ■ 

..77. pimelioides PL & Lind. 

Leaves elliptic, straight, green, l-nerved.77. camcasanum Willd. 

Hypericum bryoides n. sp. Stems freely and cespitosely 
branched, forming compact bushes about 1 dm. high; terminal 
branches 1-3 cm. long, erect, densely leafy, with internodes 
0.5 mm. long; leaves crowded, imbricate and beautifully de¬ 
cussate, ascending, sessile, lance-subulate, rather thin, involute 
or boat-shaped, channeled on the lower side along the midvein, 
conspicuously punctate in two longitudinal rows, 2.5-3 mm. 
long, 0.5 mm. wide before unrolling; flowers solitary on very 
short pedicels at the summit of the branches; sepals ovate- 
lanceolate, 3-3.5 mm. long, 0.9-1.1 mm. wide, obscurely 3- 
nerved; petals obliquely obovate, 3.5-4 mm. long, 2-2,2 mm. 
wide, not apiculate; stamens about 36, very irregular in length, 
the longest 3 mm.; ovary ovoid, 0.8 mm. long; styles 3, stout, 
erect, 1.5 mm, long. 

Type, Killip & Smith 19,533 , collected on the western 
slope of the Paramo de Santurban, Dept. Santander, Colombia, 
alt. 3000 m., 18 Feb. 1927, and deposited in the herbarium of 
the New York Botanical Garden; also Killip & Smith 13,631 , 
from Paramo de Romeral, Dept. Norte de Santander, alt. 
3800—4200 m. 
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Hypericum laricoides n. sp. Freely branched; stems naked 
below with exfoliating bark; internodes 3-4 mm. long on the 
principal branches, their leaves linear or linear-lanceolate, 
acerose, involute, 5-6 mm. long; microphyllous axillary shoots 
freely developed, rarely exceeding 'the subtending leaves and 
bearing imbricate leaves 3-4 mm. long; flowers solitary, ter¬ 
minating elongated microphyllous shoots, the pedicels 1-2 
mm. long; sepals ovate-lanceolate, acuminate, 6 mm. long, 
faintly 5-nerved; petals obliquely obovate, 9 mm. long; stamens 
about 90, all separate, 4.5 mm. long; ovary ovoid, 3.5 mm. 
long; styles 3, separate, 4.3 mm. long. 

Type, Pittier 12,713 , collected on the Paramos de Timote, 
Merida, Venezuela, alt. 3800—4200 m., where it forms exten¬ 
sive colonies, 24 Jan. 1928, and deposited in the United States 
National Herbarium. The plant has the aspect of II. lar- 
icifolium , but differs in its acerose leaves, somewhat smaller 
flowers, and much shorter styles.. 

Hypericum strictum HBK. The species is common and 
widely variable. In its typical form it does not extend north 
of Bogota, but varieties occur in Santander and Norte de 
Santander. 

Hypericum strictum compactum (Tr. & PL) new comb. 
(H. struthiolaefolium compactum Tr. & PL). Low cespitose 
shrub 1-3 dm. high; stems more or less crooked, spreading, 
freely and compactly branched, the branches short. 

Paramos de Santurban and Romeral, Santander and Norte 
de Santander. Although differing remarkably from the species 
in its general appearance, the flowers maintain the typical 
structure precisely. 

Hypericum strictum reductum. n. var. Floral parts all much 
smaller then the type, the petals 4 mm., sepals 2.7 mm., sta¬ 
mens about 15, the longest only 3 mm., ovary 2.1 mm., styles 
1.6 mm. 

Type, Killip & Smith 19,534 , collected on the western 
slope of the Paramo de Santurban, toward Tona, Santander, 
Colombia, alt. 3000 m., 18 Feb. 1927, and deposited in the 
herbarium of the New York Botanical Garden. 

Hypericum Holtoni n. sp. Stems freely and compactly 
branched, obscurely quadrangular, the principal internodes 
5-7 mm. long; leaf-bearing branches rather crowded, the in- 
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ternodes 2-3 mm. long; leaves recurved-ascending, narrowly 
linear, 10-12 mm. long, involute, pungently pointed; flowers 
solitary, terminating the numerous short lateral branches; 
sepals lanceolate, acuminate, 5.5 mm. long: petals oblong, 7 mm. 
long, 2.4 mm. wide; stamens about 65, 3.7—4.3mm. long; ovary 

2.4 mm. long; styles 4(!), 1.9 mm. long. 

Type, Holton 787 , collected ‘'in montibus juxta Bogotam’, 
Colombia, 10 Nov. 1852, and deposited in the herbariuhi of 
Columbia University at the New York Botanical Garden. 
With the general habit and appearance of H. Brathys Lam., 
its flower-parts are regularly larger and the stamens more 
numerous. It also resembles II. strictum compaction in ap¬ 
pearance, but differs in the size of the flowers and number of 
stamens, 

Hypericum struthiolaefolium juss. Material has been 
seen only from Ecuador and farther south; numerous Colom¬ 
bian specimens referred here are mostly II. strictum HBK. or 
II. Brathys Lam. 

Hypericum lancifolium n. sp. Suffruticose, the older stems 
invested with minute leaf-bases, the internodes 2-4 mm. long; 
leaves ascending, sessile, somewhat appressed at base, nar¬ 
rowly linear, 10-12 mm. long, 1.5-2 mm. wide, sharply ac¬ 
uminate; flowers few, solitary at the end of the branches, on 
pedicels 2-4 mm. long; sepals lanceolate, 1.8-2 mm. wide, 

8.5 mm. long; petals narrowly obovate, about 10 mm. long; 
stamens about 50, 4.3 mm. long; styles 3, 2 mm. long, about 
half as long as the ovary. 

Type, Killip & Smith 17,138 , collected on open bank, 
vicinity of La Baja, Dept. Santander, Colombia, alt. 2200— 
2600 m., 14—28 Jan. 1927,and deposited in the herbarium 
of the New .York Botanical Garden. It is nearly related to 
II. Jahnii Keller, and differs in its three styles, larger petals, 
and more numerous stamens. 

Hypericum Weberbaueri Keller. Weberbauer’s original 
collection is from Peru. Pennell 4783 , from Bolivar, Colombia, 
agrees with the type in all except a few trifling matters of 
dimensions.- I also refer here Killip & Smith 18,187 *and 18,205 , 
from Paramo de las Puentes, Santander, in which the flowers 
are somewhat larger than in the type and the persistent leaf- 
bases are much more conspicuous. 
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Hypericum Pheiios n. sp. Shrub 3-4 mm. high, freely 
branched above, the bark of the leafless branches conspic¬ 
uously exfoliating, principal internodes about 1 cm. long, the 
upper ones 4-angled and marked with 4 rows of conspicuous 
rounded corky protuberances; microphyllous axillary shoots 
freely developed and often flowering; principal leaves widely 
spreading, bright green, sessile, oblong-oblanceolate, 10 mm. 
long, 3 mm. wide, acute, cuneate to the base, flat, sparsely 
and inconspicuously punctate, 1-nerved, with a few faint 
lateral nerves visible on the lower side; flowers solitary, ter¬ 
minal, on pedicels about 3 mm. long; sepals ovate-lanceolate, 
6 mm. long, longitudinally veined; petals obliquely obovate, 
about 13 mm. long; stamens about 100, 5-6 mm. long; ovary 
ovoid, 3.5 mm. long; styles 3, separate, 8.5 mm. long. 

Type, Killip &f Smith 18,199 , collected on Paramo de las 
Puentes, above La Baja, Dept. Santander, Colombia, alt. 
3700—3800 m., 25 Jan. 1927, and deposited in the herbarium 
of the New York Botanical Garden. Other specimens by the 
same collectors are 15,650 and 17,727. II. Phellos has a general 
similarity to H. Jussiaei P1.& Lind, and H. thymifolium HBK., 
but is distinguished by its larger petals, longer styles, and more 
numerous stamens, as well as by the remarkable development 
of cork along the younger internodes. These protuberances 
become flattened out on the older twigs and finally exfoliate 
and disappear. 

Hypericum platyphyllum n. sp. Stems woody, stQut and 
crooked, 5-15 dm. high, freely branched above, leafy only on 
the smaller branches, the leaves often persisting below as ap- 
pressed scales; principal internodes only 1 mm. long; leaves 
decussate, spreading at an angle of about 60°, densely imbri¬ 
cate, coriaceous, pale-green, oblong-obovate, 6 mm. long, 3 
mm. wide, obtuse or rounded, cuneate to the base, the upper 
surface freely, the lower sparsely punctate, a few irregular 
lateral veins visible on the lower side; flowers solitary, terminal, 
nearly sessile; sepals oblong-obovate, 5.7-7 mm. long, 2-2.4 
mm. wide, inconspicuously longitudinally nerved; petals ob¬ 
liquely obovate, about 14 mm. long; stamens 80 or more, 
about 7.5 mm. long; ovary ovoid, 2.5 mm. long; styles 3, separ¬ 
ate, divergent, 5 mm. long. 

Type, Killip Smith 18,626, collected on the Paramo de 
Romeral, Norte de Santander, alt. 3800-4200 m., 30 Jan. 
1927, and deposited in the herbarium of the New York Botan¬ 
ical Garden. Other specimens agreeing with the type are 
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Killip Smith 18,559 from the same paramo and 17,496 and 
17,515 from Paramo de Santurban. Their number 15,616, 
Paramo de las Vegas* has less crowded leaves 10 by 5 mm.; 
18,580 , Paramo de Romeral, has narrower, subacute leaves on 
longer internodes, frequently with microphyllous axillary 
shoots, and is referred here with hesitation. H. platyphyllum 
resembles H. mexicanum L. in general habit, but differs in its 
smaller leaves, longer and more numerous stamens, propor- 
tionately longer styles, stout crooked stems, persistent leaves, 
and absence of persistent petiolar scars. 

The genus Maripa 

The genus was founded by Aublet in 1775, with the single 
species Maripa scandens. Earlier in the same volume he also 
founded the genus Mouroucoa , with the one species M. violacea. 
The latter is now generally recognized as a Maripa, and its 
priority of position led Kuntze to transfer to it all the later 
species of Maripa . Both of Aublet’s genera are illustrated in 
his usual style, and these plates become of the greatest value in 
associating his names with current herbarium material, since 
the types are now practically worthless. The obvious points 
of difference are the large flowers, conic ovary, and long fila¬ 
ments in Mouroucoa, in contrast with the small flowers, ovoid 
ovary, and short filaments of Maripa . 

The further growth of the genus is shown below. 

1818. M. erecta G. F. W. Meyer, Prim. FI. Esseq. 115. British Guiana. 

1845. M . glabra Choisy, DC., Prodr. 9:327. French Guiana. 

1846. AT. densiflora Benth., Hook. London Jn. Bot. 5: 351. British Guiana. 
1869. M. passift oroides Benth., in Mart. FI. Bras. 7: 207. Alto Amazonas. 

M, cayennensis Meissn., op. cit. 208. French Guiana. 

M. axilliflora Mart., op. cit. 208. Eastern Peru. 

M. cordifolia Klotzsch, op. cit. 209. British Guiana. 

1881. M. nicaraguensis HemsI., Bioh Centr. Am. 2: 382. Central America. 
M. panamensis HemsI., 1. c. Panama. 

1891. If. paniculata Barb. Rodr., Vellosia ed, 2. 1: 59. Brazil. 

1892. M, longifolia Sagot, in Hallier, Engl. Jahrb. 16: 525. French Guiana. 
1920. M. scandejis argentea Benoist, Bull. Mus. Hist. Nat. Paris 26: 560. 

French Guiana. 

1920. M. repens Rusby, Descr. S. Am. PI. 103. Venezuela. 

1922. M , reticulata Ducke, Arch. Jard. Bot. Rio Janeiro 3: 248. Brazil. 

M. tenuis Ducke, op. cit. 249. Brazil. 

1925. If. scandens albicans Ducke, op. cit. 4: 170. Brazil. 
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Maripa villosa Spreng., M, spectabilis Choisy, and M. acuminata Rusby 
are excluded from the genus. 

The determination of the application of the older names 
to current herbarium material is a matter of some difficulty 
Mouroucoa violacea Aubl. has very large flowers and elongate 
filaments: in these respects it suggests Maripa passifloroides 
Benth., as Sagot suggested on the label of his own specimen. 
I agree with Sagot in this belief, but do not consider it advis¬ 
able to resurrect a specific name which has been in disuse for 
so long a time, unless on the most positive evidence. M. scan- 
dens Aubl. Is characterized by the author as having a cinereous 
calyx and filaments about as long as the anthers. But one species 
from the Guianas presents this combination and it is quite prob¬ 
able that the name rightfully belongs here. But Aublet’s illustra¬ 
tions are notoriously inaccurate and his descriptions usually 
omit or neglect the characters now known to be of. chief tax¬ 
onomic value, so that we have no positive proof of the appli¬ 
cation of his name to this or to any other species. Meissner 
applied the name to a plant with long filaments, common in 
French Guiana, and I believe we had better give his opinion 
the benefit of all possible doubt. M. erecta Meyer was based 
on a plant described by Rodschied as an ‘arbor alta elegans,’ 
and this statement has been accepted and continued by recent 
authors. There is not the slightest reason to believe that 
Maripa is ever arborescent, or that it ever fails to climb un¬ 
less forced into a trailing habit by lack of proper support. I 
have accepted Meissner’s reference of Wullschlaegel 821 to this 
species and have accordingly considered it a synonym of 
scandens. M, cayennensis 'Meissn. appears to be the same. 
The types of the remaining species of northern South America 
have been examined. 

Corolla deeply 5-fid, the lobes not connected by membranous plaits, 13.5 mm. 
long over all; filaments dilated at base into flat ciliate triangular appendages 
1.6-1.9 mm* wide and 2.4 mm. long, the actual filament inserted on the 
back just below the summit of the appendage; flowers in axillary racemes; 

leaves cuneate at base.1. M. axilliflora. 

Corolla-lobes connected by membranous plaits; flowers in terminal panicles. 
Expanded corollas 55-65 mm. long, of which the actual tube consititutes 
about a fourth ; filaments 19-20 mm. long, the flattened base triangular, 
5-6 mm. long, 2 mm. wide, glandular-dliate; summit of filament 
sparsely glandular; anthers 9-10 mm. long.2. M . passifloroides . 
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Expanded corollas 30-45 mm. long, of which the actual tube constitutes 
about a half; filaments 9-14 mm. long,'the summit glabrous, the 
expanded basal portion pubescent or glandular throughout; ovary 
cylindric or conic. 

Sepals ovate to rotund, even the inner three about as wide as long, the 
outer two glabrous or nearly so. 

Filaments sharply incurved 1 mm. below the summit and again 
recurved at the base of the anther, the latter erect and connivent 
around the style just below the stigma; expanded base of the 
filaments 1.4 mm. long and densely \illous 

....3. M. panamensis. 

Filaments erect, straight or essentially so, the expanded base crisp- 
pubescent. 

Filaments abruptly dilated below into a flat, triangular base 
5 mm. long, 1.3 mm. wide, and densely short-pubescent 

.4. M. nicaraguensis . 

Filaments stout, subulate, 1.3-1.5 mm. in diameter at base, 
gradually tapering to the summit, the basal 5 mm. longi¬ 
tudinally grooved on the inner face and pubescent with 


short stout hairs.5. M. colombiana . 

Sepals rotund to transversely oblong, the inner three much wider than 
long, the outer two densely sericeous.6. M. scandens. 


Expanded corollas mostly less than 25 mm. long, of which the actual tube 
constitutes about half; filaments 2.5-8 mm. long; inner three sepals 
not more than 7 mm. wide; ovary subglobose to ovoid or short- 
cyiindric. 

Outer two sepals densely sericeous; filaments 4-6 mm. long (or rarely 
a trifle longer), glandular on the triangular base; ovary short-ovoid, 

glabrous.7. M. cordifolia. 

Outer sepals glabrous, but covered wtih minute shining resinous 
particles. 

Filaments about 4.3 mm. long, the expanded base glandular- 
pubescent with hairs about 0.2 mm. long; ovary short-ovoid, 

densely villous at the summit. ..8. M. densiflora. 

Filaments about 8 mm. long, the expanded base densely villous with 
minutely glandular crooked hairs 0.5-0.8 mm. long; ovary short- 

cylindric, glabrous.9. M. repens. 

Outer sepals glabrous; filaments 2.5 mm. long, the expanded base 
glandular-ciliate; ovary stoutly ellipsoid, glabrous 

.10. if. glabra . 

Flowers unknown.11. M. longifolia. 

1. Maripa maxillxflora Mart. Tarapoto, Peru: Spruce' 
4230 (type). The original description is adequate and is accom¬ 
panied by an accurate plate. 

2. Maripa passifloroides Benth. (Mouroucoaviolacea 
Aubl.?) Alto Amazonas: Spruce 1419 (type); British Guiana: 
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Hohenkerk 713; French Guiana: Sagot 1160. Meissner’s plate in 
Flora Brasiliensis indicates a deeply 5-fid corolla, which Is not 
in accordance with the facts. It is distinguished even in foliage 
by the reticulate venation on the upper leaf-surface. 

3. Maripa panamensis Hemsl. Panama: Fendler 255 
(type), Williams 985, Pittier 3994, 5489 . The fruit is ellip¬ 
soid, 3 cm. long, longitudinally ribbed, and sharply cuspidate. 

4. Maripa nicaraguensis Hemsl. Nicaragua: Tate 245 , 
418 (type); Honduras: Wilson 633. 

5. Maripa colombiana n. sp. Branches flexuous, the flower¬ 
ing stems erect, stout, irregularly angular, becoming fur- 
furaceous-puberulent in the inflorescence; panicle or raceme 
apparently 1-2 dm. long, the lateral peduncles 2-3 cm. long, 
jointed in the middle, and bearing one or two flowers; outer 
sepals leathery, thinner at the margin, subrotund, 8 mm. long, 
8.5 mm. wide, glabrous, inner sepals leathery, thinner at the 
margin, subrotund, 8.3 mm. long, 8.6 mm. wide; corolla 40 mm. 
long, the tube 22 mm. long and glabrous, the lobes lanceolate, 
18 mm. long, densely sericeous with short hairs, the plaits 
glabrous; stamens attached 4.5 mm. above the corolla-base; 
filaments straight, subulate, nearly terete, 11.6 mm. long, 
gradually tapering to the apex, 1.3-1.5 mm. in diameter below, 
the basal 5 mm. longitudinally grooved on the inner face and 
densely pubescent with short, stout, simple, rather crooked 
hairs; anthers 7.5 mm. long; ovary cylindric, acuminate, 5 
mm. long, 2 mm. in diameter, glabrous; style 13.5 mm. long. 

Type, Andre 2355 , collected near Salento, Dept. El 
Cauca, Colombia, 13 Mar. 1876, and deposited in the her¬ 
barium of the Royal Botanic Gardens at Kew. Mature foliage 
leaves are not present on the specmen. 

6. Maripa scandens Aubl. (M. erecia Meyer, M. cayen- 
nensis Meissn.). British Guiana: Hancock 96, Schomburgk 
110, Jennman 4874, Be La Cruz 1372, 1538, 2837, 4483 , 
Persaud 123; Surinam: Hostmann 1251 , Wullschlaegel 821; 
French Guiana: Sagot 379, Melinon 378 (1877), (1863), (1864). 

7. Maripa cordifolia Klotzsch. British Guiana: Parker, 
Schomburgk 1469 B. (type), Im Thurn , Jenman 20, 695, 2499, 
2500, Be La Cruz 2515, 2635, 2811, 4412, Lang 64. 

8. Maripa den si flora Benth. Alto Amazonas: Spruce 1928; 
British Guiana: Schomburgk 232.5 (type). 

9. Maripa repens Rusby. Venezuela: Rusby & Squires 
(type). 
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10. Maripa glabra Choisy. French Guiana: Sagot 1398 , 
Melinon 141 (1854), 523 (1864), (1864). 

11. Maripa longifolia Sagot. It is possible that Hallier 
was unaware that his recognition and brief mention of Sagot’s 
manuscript name was valid publication of a new species. It 
is apparently based on Sagot 1201 , which bears Sagots^s name 
in his own hand, accompanied with the note "affinis Maripae 
guianensi (syn. M. scandente) a quo foliis statim diagnoscitur/ 
The leaves are elongate oblong, 14-18 cm. long, 4-5.5 cm. 
wide, acuminate to a falcate apes, cuneate to an acute base, 
conspicuously veined. The fruit is pyriform, 2 cm. long, and 
obtuse. 

A Rare Utricularia from British Guiana 

Utricularia benjaminiana Oliver, Jour. 

Linn. Soc. 4: 176. 1860. 

Akentra inflata Benj. Linnaea 20: 319. 1847. 

Utricularia puberula Klotzsch, Schomburgk, Reisen in Brit.- 

Guiana 3: 1159. 1848. Nomen nudum . 

Utricularia inflata (Benj.) Pulle, Enum. Vase. PI. Surinam 

419.1906. 

This rare'species has been collected but four times, by 
Melinon and by Le Prieur and Sagot in French Guiana, by 
Hostmann (no. 85) in Surinam, and recently by La Cruz 
(no. 4514) in British Guiana. Benjamin mistook the large 
spur for the lower lip and regarded the real lower lip as the 
upper; this suggested the generic name Akentra. Oliver, ex¬ 
amining the same collection of Hostmann rectified the error, 
but failed to discover the upper lip. Klotzsch’s name was 
never properly published, but its application is shown by the 
appearance of this name in his hand on a sheet of Hostmann in 
the Berlin herbarium. Pulle’s combination is of course ante¬ 
dated by U. inflata Walt. The ample material in the La Cruz 
collection permits the completion of the description and the 
provision of more exact measurements. 

Lower part of the flowering branches densely tomentose, 
bearing a whorl of 4-7 ampullae; ampullae 1-2 cm. long, nar¬ 
rowly fusiform, pubescent, bearing filiform, repeatedly branch¬ 
ed, pubescent leaves at and near their apices; peduncle gla¬ 
brous, 10-15 cm. high; inflorescence many-flowered, racemose, 
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the internodes elongating during and after anthesis to as much 
as 12 mm.; bracts solitary, scarious, broadly ovate, 0.7-0.9 
mm. long, acuminate, slightly saccate at the broadly 'sessile 
base; pedicels glabrous, filiform, ultimately 2.5 mm. long; 
sepals 2, distinct, 0.9 mm. long, the adaxial broadly obovate, 
the abaxial almost round; corolla divided almost to the base 
into two very unequal lobes; upper lip erect in bud, nearly 
straight, 3.2 mm. long, 2 mm. wide at base, bilobed to the 
middle; lobes broadly semi-ovate, 1.2 mm. wide at base, the 
upper margins nearly straight and connivent, obtuse; lower 
lip 6,7 mm. wide, 5.9 mm. long, broadly rounded, abruptly 
spreading above the very short contracted base, palate none, 
but the center of the lip somewhat elevated around the open¬ 
ing into spur, which is 2.7 mm. long and about 1 mm. wide; 
spur directed forward at an angle of about 30° from the lower 
lip, 10 mm. long, obtusely ellipsoid, 3.3 mm. in diameter, 
slightly laterally flattened, slightly bilobed at apex along the 
median line; filaments nearly straight, 0.7-0.8 mm. long, flat, 
scarious-winged; anthers nearly hemispheric, 0.5 mm. in di¬ 
ameter; ovary globose-ovoid. 
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* Pollen grains in the identification and classification of plants 
III. The Nassauvinae 

Roger P. Wodeiiouse 
(with plate 3) 

A study of the pollen grains of the Compositae has shown 
that, though the family as a - whole is characterized by much 
uniformity and closeness of relationship there exists within it 
a wide range of pollen-grain forms. The differences in the size, 
shape, texture and adornments of the grains of the different 
species are sometimes truly enormous; still the grains areal! 
stamped with a ‘’family resemblance’ which is in keeping with 
the various degrees of interrelationship. 

Though the Compositae are the largest and most clearly 
defined of all the families of the flowering plants, there is much 
uncertainty as to the relationship of the various tribes and sub¬ 
tribes to each other, and of the relations of the family as a whole 
to other families. Nevertheless the pollen grains of the various 
tribes and subtribes generally possess certain characters which 
distinguish them readily enough from those of others; and since 
these characters, when compared throughout groups of the 
Compositae of known relationships, show more or less definite 
trends of genetic development, it is to be expected thattheir 
further study will throw some light upon the more obscure or 
doubtful relationships, and possibly by projecting backwards 
these known lines of development, suggest the origin_of the 
family as a whole. 

The characters of pollen grains belong in a category quite 
apart from that of the grosser anatomical structures, though of 
similar phyletic distribution. Harper (1913) has shown in his 
studies of Pediastrum that 'specifically inherited cell form and 
cellular interactions during growth are the principal morpho¬ 
genetic factors in the development of the differentiated cell 
colonies,’ and he has shown that the number of cells and con¬ 
sequently their arrangement in the colonies is, to a certain 
extent, a matter of individual variation and of little use in the 
identification or classification of the different species, but that 
the degree to which the spines of the individual cells develop 
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affords a basis for the delimitation of species, and further (1918) 
the number of the spines on each of the peripheral cells of the 
colony affords the means of making the major divisions of the 
genus. The laws which Harper has established for Pediastrum 
are universal, but in the highly organized plant body of the 
phanerogams the specifically inherited cell forms of tissue cells 
are largely prevented, by their interactions with their neighbors 
and their subservience to their functional requirements, from 
coming individually to expression; so that in studying the 
completely organized plant body we are dealing mainly with 
the results of the inherited ‘cellular interactions’ further modi¬ 
fied by outside environmental conditions, which is but half 
the story. The other half, the specifically inherited cell form 
is to be found in the pollen grains which are comparatively much 
less modified by cellular interactions and certainly bring to 
expression their specific capacities in a freer environment than 
that of the somatic cells. Consequently most of the characters 
of pollen grains are those of the specifically inherited cell form. 

Making use of the characters of the pollen grains, which 
have hitherto been neglected in all phylogenetic studies of the 
Compositae, it is the purpose of the present series of studies 
to see to what extent the pollen-grain characters will sub¬ 
stantiate or refute the current ideas of the classification of the 
family. The results obtained from my previous investigations 
of the Ambrosiaceae and of Barnadesia encourage me to hope 
that a similar study of the pollen-grain forms of all the groups 
of the Compositae will help to establish the interrelationships 
of the various tribes and the origin of the group as a whole. 
With this in view the present paper presents an analysis of the 
pollen-grain forms of one of the subtribes of the Mutisieae, the 
Nassauvinae. 

HABIT AND DISTRIBUTION OF THE NASSAUVINAE 

The Nassauvinae constitute rather an isolated group of 
Compositae, comprising some hundred and seventy-five species 
in fifteen genera. Their relationships with the rest of the family 
are somewhat uncertain; their corollas, always distinctly bi¬ 
labiate, are those of the Mutisieae, but their style branches, 
except in Proustia , Tronquees et penicellees a l’extremite/ are 
those of the Senecioneae, to which group in some genera, the 
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involucre and general habit bear a close resemblance. Never¬ 
theless there is no doubt in the minds of most botanists that 
the Nassauvinae belong properly in or near to the Mutisieae. 

In distribution the Nassauvinae are almost entirely confined 
to the western part of South America or, more especially, to 
the extratropical or Chilean region, which is the one region in 
the world where the Mutisieae are the dominant Compositae, 
comprising nearty one third of all the family. A few genera of 
the Nassauvinae, however, are represented fairly abundantly 
in the Andean region to the north; a few reach through the 
mountainous regions of Central America and Mexico, and two 
genera are represented even in the southwestern part of the 
United States. Some species of Jungia are native of Brazil and 
Colombia, and one species of Perezia is found on the shores of 
Tierra del Fuego. Roughly speaking they reach from California 
to Cape Horn, with their greatest concentration of species and 
individuals in the Andean region. 

Of the fifteen genera included in the Nassauvinae the pollen 
from species of eleven genera has been examined. These eleven 
' genera are described below. 

Jungia Linn. f. comprises about twelve species in Chile and 
Brazil, a few extending as far north as Colombia. The plants of 
this genus have much of the habit and occasionally the in¬ 
volucre of the Senecioneae, but they are mutisiaceous in their 
essential characters, and are regarded by Bentham and Hooker 
(1873) as most closely related to the next genus. 

Trixis P. Browne comprises about eleven species, mostly 
shrubs of diverse habit but frequently resembling the Sene¬ 
cioneae. A genus of wider distribution than Jungia, Trixis 
reaches from Chile through Central America to Mexico and the 
West Indies, and two species are found in the southwestern 
part of the United States. 

Nassauvia Jus. comprises about twenty-five species of low 
sprawling shrubs. In some the leaves are closely appressed, 
giving the branches a scaly serpent-like appearance; in others 
they are spreading and spine-tipped. The species of this genus 
are confined to the Chilean Andes, Patagonia, and the Falkland 
Islands, with one species reported from Cape Horn (Macloskie, 
1906). 

Triptilion Ruiz et Pay. comprises about six species confined 
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to the Chilean region and Patagonia, annual and perennial herbs 
of various habit, but in essential characters scarcely different 
from Nassauvia. 

Pronstia Lag. comprises about six or seven species in the 

TABLE 1 


Pollen-gram characters of the Naussavinae 


NO TRACE OF SPINES IN ANY SPECIES, 

TEXTURE ALWAYS FINELY BUT 

distinctly granular 

SHAPE 

FURROW 

transverse 

furrow 

polar elev. 

SIZE 

IN 

microns 

Js 

'J? 

ellipsoidal 

flattened 

tapering 

rounded 

flecked 

marginate 

Jungia pauciflora Rusby 

+ 



0 

-r 

4- 

4- 

0 

0 

27.5 

J. floribunda Less. 

+ 



0 

+ 

+ 

4- 

0 

0 

25.8 

Trixis mvolucrata D. Don 


+ 


0 

+ 

4" 

0 

0 

4- 

30.0X42.5 

T. frutescens SprengF 


+ 


0 

+ 

4- 

0 

0 

4- 

24.0X33.0 

T. corymbosa D. Don 


+ 


0 

+ 

4- 

0 

4- 

+ 

30.8X43.3 

T. angustifolia DC. 


+ 


0 

+ 

4- 

0 

0 

4- 

30.0X40.0 

T. radialis (L.) 0. K. a 


+ 


0 

+ 

4~ 

0 

4- 

4- 

25.3X37.5 

Proustia pungens Poepp. 

+ 



0 

T 

4- 

0 

0 

0 

40.0 

P. Krugiana Urban 




0 

4- 

+ 

0 

4- 

4- 

26.6 

P. pyrifolia Lag. 

+ 



0 

+ 

0 

0 

4- 

si 

28.6 

P. Yanillosma Wright 

+ 



0 

+ 

4- 

0 

4- 

4- 

30.0 

Perezia Wrightii A. Gray 

+ 



0 

4- 

4- 

0 

4- 

0 

32.5 

Nassauvia pyramidalls Meyen 











var. arachnoidea 0. K. 



si 

0 

+ ■ 

4- 

0- 

0 

0 

25.0 

N. pungens Phil. 



si 

0 

4- 

4- 

0 

0 

0 

27.0 

N. serpens Urv. 



si 

0 

4_ 

4- 

0 

0 

0 

22.5 

Triptilion euphrasioides DC. 



si 

0 

4- 

4- 

0 

si 

0 

18.5 

T. Benaventii Remy 



si 

0 

4- 

4* 

0 

si 

0 

24.2X18.7 

T. cordifolium Lag, 



si 

0 

4- 

4- 

0 

si 

0 

18.1X16.5 

T. spinosum Ruiz & Pav. 



si 

0 

4- 

4* 

0 

0 

0 

23.0 

Pamphalea bupleurifolia Less. 

_j_ 



+ 

4* 

0 

0 

si 

0 

19.8 

P. heterophylla Less. 

+ 



4- 

+ 

0 

o 

si 

0 

19.8 

Cleanthes brasiliensis D. Don 

■4- 



+ 

0 

+ 

0 

si 

si 

27.3 

C. Meracoldes Griseb. 

+ 



4- 

0 

si 

0 

0 ! 

0 

21.9 

C. hieracoides D. Don 

4- 



+ 

0 

si 

0 

si 

0 

20.9 

Poiyachvrus sphaerocephaius D. Don 

4- 



+ 

+ 

0 

0 i 

0 

si 

27.5 

Leucerla tenuis Less. 

4- 



+ 

+ 

0 

0 

0 

0 

19.4 

L. paniculata Poepp. 

+ 



*r 

4- 

0 

0 

0 

0 

27.5 

L. anthemidifolia 0. K. 

+ j 



+ 

4- 

0 

0 

0 

0 

23.0 

L. purpurea Hook. & Arn. 

+ 



+ 

4- | 

0 | 

0 

0 

0 

25.8 

Moscharia pinnatifida Ruiz & Pav. 1 

+ 1 



+ 

4- I 

o 1 

0 

0 

0 

39.0 


a Trixis frutescens Spreng. has often been regarded as a synonym of T. 
radialis (L.) O. Ktmtze, but recent study indicates that both species may be 
maintained, which is also indicated by the pollen-grain size. 


Chilean region with a few in Mexico and one in Cuba.They are 
mostly erect shrubs or climbebs, superficially resembling some 
Gochnatinae but are easily distinguished from that subtribe 
by their decidedly bilabiate corollas, a character nearly or 
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quite lacking in the Gochnatinae. Their style branches differ 
from those of all other Nassauvinae in their rounded tips, but 
conform to the subtribe in their long spreading form. The 
genus has a similar distribution to, and is regarded by Bentham 
and Hooker as most nearly related to Perezia . 

Perezia Lag., the largest and possibly the most wide-spread 
genus, comprises forty-six species, mostly low coarse herbs, 
frequently with spine-tipped leaves resembling holly. Most of 
them are confined to the high cordilleras of South America, but 
a few are found in Mexico and even in the southwestern part 
of the United States, a few in Brazil, and in Patagonia as far 
south as Cape Horn. 

Pamphalea Lag. comprises four or live species of annual 
herbs erect and branching, confined to the Chilean region. The 
flowers are white, borne in small heads on long peduncles. The 
corollas are distinctly bilabiate, but the lips are generally nearly 
entire, lacking the two teeth of the upper and the three of the 
lower lip, which are well developed in most other Nassauvinae. 

Cleonthes D. Don comprises four or five species confined to 
Brazil. In some respects they are similar to Trixis , and are 
included in that genus by Bentham and Hooker, but in other 
respects they are quite different and are regarded as a separate 
genus by Don (1829), who says ‘This genus, which appears to 
be a very natural one, is essentially distinguished from Trixis 
by the naked receptacle,’ and by Grisebach (1879, p. 216) who 
says that the genus is distinct, unnaturally (finvita natural 
joined with Trixis. The plants are perennial herbs with the 
flowers borne in many headed corymbs on slender stems bearing 
few scattered sessile leaves and with larger petioled leaves at the 
base, after the fashion of many hawkweeds. Thus in habit they 
stand in marked contrast to the species of Trixis , which are 
all shrubs. The flowers of Cleanthes also differ from those of 
Trixis in the shorter elliptical and more minutely toothed lower 
lip of the corolla, and in their pappus, which is persistent, while 
in Trixis it is caducous. It wall be shown that the difference 
between these two genera is strongly expressed in the characters 
of their pollen grains. 

Polyachyrus Lag. comprises about seven species, annual or 
perennial herbs, generally very woolly or glandular-hairy. The 
species are about equally divided in distribution between 
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southern Peru and the northern provinces of Chile. The genus 
is very distinct, but approaches, at least in outward appearance, 
certain species of Leuceria , and is regarded by Bentham and 
Hooker as most closely related to that genus, though Weddell 
(1835) following Cassini, insists that the relationship is most 
closely with Nassaiivia. As we shall see, the evidence of their 
pollen grains is decidedly in favor of the former view. 

Leuceria Lag. comprises about twenty-five species confined 
almost entirely to the Chilean region, annual or perennial herbs 
with leaves more or less downy white; of various habit, but 
sometimes resembling the Cichoriaceae. 

Moscharia Ruiz et Pav. consists of but a single species in 
Chile, an annual herb, in outward appearance bearing some 
resemblance to Leuceria. The name Moscharia is well chosen 
from the odor of musk which the whole plant gives off. This 
same character also suggests the common name, Almizqcillo 
(Ruiz et Pavon, 1797, p. 91). 

The characters of the pollen grains of thirty-two species of 
these eleven genera are displayed in table 1. It is seen that the 
grains of all species within each of the different genera, except 
for some variation in size, are essentially alike. 

The distribution of the characters among the different 
genera is summarized in the following key. The grouping of the 
genera on the basis of these characters, brought out by the 
arrangement of the key, concurs with the classification of 
Bentham and Hooker; therefore it may be regarded as natural, 
and shows that the pollen-grain characters of these plants are 
correlated with the other anatomical characters. 

KEY TO THE DISTRIBUTION OF THE POLLEN-GRAIN CHARACTERS 

Grains entirely psilate, no trace of spines found in any species; furrows 
always sharply defined and extremely long, almost meeting at the poles, more 
or less rounded at the ends or sharply pointed (in Cleanthes) ; texture finely 
but conspicuously granular. Grains sphaeroidal, slightly flattened, or ellip¬ 
soidal, not conspicuously lobed, and always lacking intercolpar thickenings 
and concavities; various in size from 18.5/z to 40.0^ transverse measurement. 
A. Furrows scarcely tapering, broadly rounded at the ends and flecked with 
more or less conspicuous granules. 

Furrows marginate, grains approximately spheroidal. ... Jungia (fig. 1) 

Furrows emarginate 

Grains ellipsoidal with prominent polar elevations. . Trixis (figs. 2, 3) 
Grains spheroidal with or without slight polar elevations. . ,Proustia 

Perezia 
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Grains slightly flattened, without prominent polar 

elevations... Nassauvia 

Triptilion (fig. 4) 

B, Furrows tapering to a more or less rounded end, sharply pointed in Cle¬ 
an the s, approximately spheroidal. 

Furrows more or less flecked.. Pamphalea 

Cleanthes 

Furrows not flecked. Polyachyms (fig. 5) 

Leuceria 

Moscharia 


POLLEN GRAINS OF THE NASSAUVINAE 

The pollen grains of the Nassauvinae (figs. 1—5) are notable 
among the Compositae for two well marked characters, the 
absence of spines and the extreme development of the furrows. 
Not even the smallest vestige of spines has been found in any 
of the species examined; and the furrow's are always sharply 
defined and extremely long. The lengthening has been, carried 
to such an extent that they almost meet at the poles, the 
approaching ends of neighboring furrows being separated 'by 
only a narrow isthmus of unmodified exine, often less in width 
than the furrow's themselves. There is considerable variation 
among the grains of the different species in the amount of 
tapering of the furrows towards their ends, but in those of all 
except one genus, the furrows are more or less rounded at the 
ends, and in many they are as broad at the ends as in the middle. 
These two characters, the entire absence of spines and the 
extremely long sharply defined and usually rounded furrows, 
are together quite distinctive for the pollen grains of the 
Nassauvinae, and serve to distinguish them from all the rest 
of the Mutisieae or the Compositae so far examined. 

In other characters the pollen grains of the Nassauvinae 
are also rather sharply set off from the rest of the Mutisieae. 
In texture all are distinctly but finely granular, showing little 
variation in this respect, and lack entirely the coarse pebbled 
appearance characteristic of the grains of most of the other 
Mutisieae. In size they are small, ranging from 18 to 40 microns 
in diameter, and nearly all are less than 30 microns, while in 
the other tribes of the Mutisieae the size ranges as high as 57 
microns in diameter, with the majority w r ell above 30 microns. 
Thus the pollen-grain characters indicate that the group is 
rather compact and distinct from the rest of the tribe. 
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The pollen-grain forms of the Nassauvinae tall into two 
rather well marked groups as indicated in the key: those in 
which the furrows taper scarcely or not at all to their broad 
rounded ends and have the furrow surface always conspicuously 
flecked (group A); and those in which the furrows taper quite 
distinctly to their ends, which are nevertheless generally 
somewhat rounded, except in some species of Cleanthes , and 
have the furrow surface smooth or only occasionally slightly 
flecked (group B). 

The tapering of the furrows is not alone always distinctive, 
for in both groups are encountered borderline cases, but the 
presence of flecks on broad nontapering furrows is quite dis¬ 
tinctive and serves to separate the grains of Jungia , Trixis , 
Nassauvia , Triptilion, Proustia , and Peresia (group A) from 
those of the other genera of the subtribe. 

The furrow flecks present the same staining properties as 
the cutinized material of the outer layer of the exine, as though, 
at the time of formation of the furrow, small fragments of the 
outer layer of the exine had become detached and left dis¬ 
tributed over the surface of the furrow. 

The presence of these flecks undoubtedly bears some relat ion 
to the closing of the furrow, and is probably the outcome of the 
lack of efficiency in closing, arising out of the broad and 
rounded ends of the furrows with which they are generally 
associated in this group. It will readily be seen that furrows 
of this character in the semirigid material of the exine, cannot 
close tightly and must remain gaping at least at the ends. 
Such was actually observed to be the case in some abortive 
and unexpanded grains. It has been shown by Tisehler (1908) 
and others that in sterile hybrids when pollen cells abort during 
sporogenesis, if the abortion takes place after the rudiments 
of the exine have been laid down, its development is carried 
to completion in every detail, even though the pollen cells 
remain empty. It so happens that in the pollen of many 
normal species a few grains are to be found that are abortive 
and empty, yet displaying all the external details with even 
greater brilliancy than do the normal grains, and these remain 
unexpanded during staining and embedding. A striking 
example of this was found in the pollen of Trixis angustifalia , 
in which many grains are abortive,. In the normal expanded 
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grains towards the ends of the furrows the flecks are numerous 
and close together, but in the mid-region of the furrow they 
are few and scattered. The explanation of this is apparent in 
the unexpanded grains, for in these the edges of the furrows 
are seen to nearly touch in the middle, but gape considerably 
towards the rounded ends. Nevertheless the furrow, so con¬ 
tracted, is tightly and evenly packed with flecks throughout 
its entire length. When such a furrow expands and its sides 
become parallel or slightly con vexed, the elastic membrane 
bearing the flecks is stretched and in the mid-region of the 
furrow where the stretching ‘is greatest, the flecks are most 
widely separated, while towards the ends where the stretching 
is less they are but little separated. 

The way in which the flecks are distributed is various in 
the different species, sometimes offering a good specific char¬ 
acter. For example, in the grains of Triptilion cordifolium and 
T. spinosum , they cover a narrow strip extending the full length 
and exactly in the center of the furrow, while in T. euphrasioides 
and T. Benaventii they are simply scattered. 

The presence or absence of the rounded flecked furrow 
appears to indicate quite a natural division of the subtribe, 
for, according to the classification of Bentham and Hooker, 
Jungia , Trixis , Nassauvia , Triptilion , Proustia , and Perezia , 
the plants possessing this character (group A), are each more 
closely related to the other than they are to the remaining 
genera of the subtribe. 

The grains of Jungia (fig. 1) are distinctly set off from those 
of the other five genera of group A by the possession of a slightly 
overhanging fold along the margins of the furrows; they are 
distinctly though finely granular, with the granules appearing 
to coalesce at the base of the overhanging part of the margins. 
Marginate furrows of this character are not found elsewhere in 
the tribe, and together with the small size, nearly spherical 
form, and absence of spines they serve to distinguish the grains 
of Jungia from those of all other genera. 

The grains of the six species of Trixis (figs. 2,3) that were 
examined are all essentially alike and easily distinguished from 
those of the other genera by their elongate form and their 
possession of very pronounced polar elevations, a character 
which reaches its maximum development in this genus. These 
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grains are remarkable for their large size and elongate form 
(table 1); in most species they are fifty per cent: or more longer 
than broad. The long furrows are carried without appreciable 
tapering well up into the polar elevations. The transverse 
furrow is usually well defined and conspicuous. These grains 
present rather a striking appearance not easily confused with 
those of any other genera. 

The grains of all species of Proustia and Perezia that have 
been examined are essentially alike, distinguished from those 
of Trixis and of the two following genera by their spheroidal 
form, and from those of Trixis also by their weaker development 
or entire absence of polar elevations. It is interesting here to 
note that Proustia is stated by Ben than! (1873) to be ‘ very 
nearly allied to Perezia ’ in the Nassauvinae, but is placed by 
Hoffmann (1893, p. 341) next to the Chinese Nouelia Tranche! 
in the subtribe Mutisinae. A comparison of the pollen grains 
of Proustia with those of the various members of the two sub¬ 
tribes shows that they differ distinctly from those of the Mu¬ 
tisinae in the absence of spine vestiges, their surface texture 
and their long rounded flecked furrows. In these characters, 
however, they harmonize perfectly with the Nassauvinae, and 
are almost indistinguishable from the grains of Perezia, So 
there can be little doubt of the incorrectness of Hoffmann’s 
view in placing Proustia in the Mutisinae, and the correctness 
of Benthaim’s in associating it with Perezia in the Nassauvinae. 

The grains of all species of Nassauvia and Triptilion 
(fig. 4), genera.which are always regarded as closely allied, are 
indistinguishable from each other, but are easily distinguished 
from those of Trixis , Proustia , and Perezia by their flattened 
form and entire absence of polar elevations. 

Looking back over these six genera of our group A in the 
key, it is seen that according to the evidence of the pollen 
grains, the last four genera of the group are all rather closely 
related, Proustia and Perezia being distinguished from Nassau - 
via and Triptilion only by the slightly flattened form of the 
grains of the two latter. The grains of Trixis (figs, 2, 3), how¬ 
ever, differ from them rather widely in general appearance. They 
are larger, much longer and possess more prominent polar 
elevations, altogether presenting .an appearance strikingly 
different from the grains of the other four genera. These 
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differences, however, are only of degree, involving characters 
which are also present to a certain extent in the grains of the 
other four genera. On the other hand the grains of Jiingia, 
though in general appearance more like the grains of ProusUci, 
are distinguished from them by the possession of marginate 
furrows, a character which is not even suggested in the grains 
of Proustia , Perezia, Nassauvia, and Triptilion . For this reason 
Jiingia is more widely separated from them in the key than is 
Trixis. Whether this view is correct or not can best be decided 
by seeking intermediate forms; it is quite possible that among 
the many species of Trixis that have not been examined, grains 
will be found that are smaller, less elongate, and with less 
prominent polar elevations, or that among those of Jiingia 
grains will be found with emarginate furrows. However this 
may be, the evidence of the pollen grains so far presented 
indicates that the six genera of group A are more closely related 
to each other than they are to the following group. 

The remaining genera, Pamphalea , Cleanthes , Polyacliyrus , 
Leuceria , and Moscharia, group B in the key, reveal much less 
of their interrelationships through their pollen-grain form; 
their visible characters are few and mostly of a negative nature. 
They show their distinction from those of group A in their lack 
of the broad rounded flecked furrows of that group, but they 
show their relationship to them, i.e., their position in the 
Nassauvinae, in the great length and generally more or less 
rounded ends and the sharp definition of their furrows. 

The grains of Pamphalea and Cleanthes are of interest 
because, although unlike those of group A, their furrows taper 
conspicuously, they bear unmistakable flecks on their surface— 
small and somewhat indistinct, it is true, but none the less 
homologous with those of group A. This flecked character of 
their furrows clearly distinguishes them from those of the other 
members of group B, and suggests for them an intermediate 
position between the two groups. 

The genus Cleanthes D. Don is not recognized by Bentham 
and Hooker, its species being included with Trixis, The pollen 
grains of the three species of Cleanthes which have been exam¬ 
ined are all alike, and, except for their slightly flecked furrows, 
conform to our group B, and are quite distinct from those of 
Trixis . They differ from them in their sharply tapering fur- 
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rows, the much weaker development ol the flecks, their spher¬ 
oidal shape, and absence of polar elevations. Though there is 
nothing in the characters of the different species of Clean thes 
to show that the genus is closely related to those of our section 
B, I believe that the absence from their grains of some of the 
most prominent characters of the five species of Trtxis , is 
sufficient warrant for maintaining the genus Cleanthes separate 
from Trixis. 

The grains of Polyachynts (fig. 5), Leuceria, and Moscharia 
are essentially alike; they are small and spheroidal, with the 
exine perfectly smooth, and the furrows without flecks and 
tapering conspicuously towards their ends, which are, never¬ 
theless, always more or less .rounded. 

From a consideration of the various characters of the pollen 
grains of the Nassauvinae and comparison with those of the 
other groups of the Compositae, certain lines of development 
are suggested. The fact that their grains are entirely without 
spines might be taken to indicate primitiveness, because the 
primitive form of a spore is smooth. Nevertheless the basic 
form of the pollen grain of the Compositae is unquestionably 
echinate. Thus the indication from this source is that the 
Nassau vinae may be either primitive or advanced, in fact at 
either one end of the development of the Compositae or at the 
other. The great achievement of the Composite pollen grain 
was the development of spines, which are quite the most con¬ 
spicuous character of the grains of the majority of the species in 
all the tribes except the Mutisieae. Nevertheless the spines are 
found to be very minute or entirely absent in several widely 
separated groups. The cause of this smallness or absence of 
spines we do not always know, but certainly in some ('uses b is 
a suppression in response to the mode of pollination. For 
example in the Ambrosinae which are wind pollinated, 1 have 
shown (1928a) that a complete series of forms is found, ranging 
from that of the fully echinate grain of Oxytenia —a monotypio 
genus—which is undoubtedly primitive for the Ambrosinae, 
to that of the much more advanced Euxanthium with grains 
possessing only the slightest vestiges of spines. Likewise among 
the Anthemideae (Wodehouse, 1926), the Artemisias and their 
allies, all of which are wind pollinated, are nearly or quite 
without spines, so that in these cases there is little doubt that 
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the smallness or absence of spines is a suppression in response 
to the anemophilous habit. On the other hand, the pollen grains 
of some groups of the Compositae which are not wind pollinated 
show a strong tendency towards a suppression of spines for no 
apparent reason. Among the Cynareae, the tribe which is prob¬ 
ably most closely related to the Mutisieae, many species have 
grains with spines greatly reduced and even occasionally en¬ 
tirely absent, and in the Mutisieae all of the species which have 
been examined, except one, have the spines greatly reduced; 
nevertheless, vestiges of them can nearly always be found. In 
the Nassauvinae, however, no trace of them has been seen in 
any species. Thus it appears that the developmental tendency 
of the spines in the Cynareae and Mutisieae is that of sup¬ 
pression or reduction, culminating in their entire absence in 
the Nassauvinae. The only alternative possible is that the 
Nassauvinae represent the primitive group of the Compositae 
from which the others took their origin, but the ease with which 
the spines appear to be lost in the phylogeny of the Compositae 
makes it seem more likely that the pollen grains of the Nassau¬ 
vinae are advanced rather than primitive. 

The furrow exists in all possible forms in the different tribes 
of the Compositae. I have shown (1928) that in the Ambro- 
sinae the developmental tendency is a shortening of the furrow, 
starting with the long pointed form of the grain of Oxytenia, 
and ending with the short rounded form of Ambrosia and 
Xanthium . In the genera and species of the Cynareae, both 
the length and definition of the furrows are various and hap¬ 
hazard in distribution. In the grains of Cousinia, for example, 
the furrow is long, but shallow and imperfectly defined, with 
the surface of the intine shading gradually into that of the 
furrow; in Carduus divaricatus the furrow is medium in length, 
but clearly and sharply defined; in the grains of Centrophyllum 
it is so short that it practically coincides with the germinal 
pore; and in the genus Centaurea all lengths, and variation In 
definition may be found. Thus in the Cynareae no definite 
tendency is seen; the furrows are phylogenetically unstable. 

In the Mutisieae, on the other hand, there is a definite ten¬ 
dency towards the lengthening of the furrow; in nearly all it 
is long, and in the subtribe Nassauvinae the lengthening is 
carried to its greatest extent, for in the grains of all species of 
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this group we have seen that the furrows almost meet at the 
poles, and in those of Trixis they are carried even beyond into 
the polar elevations. Furthermore in the grains of all the 
Nassauvinae the furrows are sharply defined; the transition 
in tissue from that of the general surface to that of the furrow 
is abrupt and the furrow is sunken so that there is no gradual 
change in texture in passing from one to the other, as is fre¬ 
quently encountered in the grains of the neighboring sub tribes. 
The relation of the sides of the furrow to its surface in the 
grains of the Nassauvinae calls to mind the lids covering the 
ball of the mammalian eye. This reaches its best development 
in the grains of Jinigia, in which the margins of the furrow 
bear an undulating frill, just as the lids of the eye bear lashes. 
A shortcoming of the analogy is that in opening, the margins 
of the furrows stretch the delicate membrane crossing the 
surface, instead of sliding over it as the lids slide over t he ball 
of the eye. 

Summarizing, it appears that the Nassauvinae may repre¬ 
sent the culmination of three more or less distinct developmental 
tendencies, viz., the reduction of spines observed all through 
the Cynareae and Mutisieae, culminating in the entire absence 
of spines throughout this group; the lengthening of the furrows 
seen in various stages of development in the other tribes of the 
Mutisieae, culminating in the grains of Trixis ; and the definition 
of the furrows strongly felt in the Nassauvinae, culminating in 
the marginate grains of Jungia . On the basis of the morphology 
of their pollen grains, the different genera of the Nassauvinae 
appear to be closely related and represent the end of a phylo¬ 
genetic line of the Mutisieae. 

Yonkers, New York 
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Explanation of plate 3 

All figures were drawn free-hand from studies made with a Zeiss apochro* 
matic objective, 2 mm,, Na. 1.3 and a 10 X compensating ocular, resultant 
magnification 900. No constant magnification is employed in reproduction. 
Instead a size is adopted sufficient to show the important characters. The 
dimensions given are the average transverse measurements; in elongate or 
flattened grains, the average transverse and average axial measurements. 

Fig. 1. Pollen grain of Jungia floribunda Less. 25.8m cliam. Viewed 
slightly to one side of the pole, showing the long rounded decked furrows with 
projecting margins. 

Fig. 2. Pollen grain of Trixis corymbosa D, Don. 30.QmX43.3m. Side 
view showing the long rounded and flecked furrows, extending into the polar 
elevations. 

Fig. 3. Pollen grain of Trixis corymbosa viewed slightly to one side of 
the pole, showing the closely approaching ends of the long furrows. 

Fig. 4. Pollen grain of Triptilion euphrasioides DC. 18.5m diam. Polar 
view, showing the rounded ends of the long flecked furrows almost meeting 
at the pole. 

Fig. 5. Pollen grain of Polyachyrus sphaerocephalus D. Don. 27.5m cliam. 
Polar view, showing the long tapering furrows with rounded tips, but without; 
flecks. 
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■ A double-walled pot for the auto-irrigation of plants - 1 

J. Dean Wilson 
(with three text figures) 

In growing plants in pots for experimental or commercial 
purposes, it is frequently desirable to control or maintain the 
percentage of moisture in the soil more closely than can be 
done by the usual method of watering at one or two-day 
intervals. This can now be done very satisfactorily by the 
use of porous porcelain auto-irrigators (Livingston, 6, 8). By 
using these instruments in a number of pots with the same kind 
of soil, the irrigators being connected in series so that all draw 
water from the same reservoir and against the same resistance, 
It is possible to maintain the moisture content of all the pots 
at very nearly the same value. This may be done for long 
periods of time with a minimum of labor, after the necessary 
arrangements have been made at the start (Deatrick, 2; 
Dustman, 3; Livingston and Hawkins, 9; Livingston, Hemmi, 
and Wilson, 10). If several pots be filled with the same type 
of soil, each may be maintained at a different moisture content 
by using a mercury barostat of different height, in each water 
system (Livingston, Hemmi, and Wilson, 10). Also, pots 
filled with soils of different physical characteristics and differ¬ 
ent water-holding capacities may be held at approximately 
the same water contents (on the basis of dry weight or dry 
volume) by allowing them to come into equilibrium with 
barostats of properly selected heights (Holmes, 5; Livingston, 
Hemmi, and Wilson, 10), 

The auto-irrigator, as first used (Hawkins, 4; Livingston, 6; 
Livingston and Hawkins, 9) consisted of a cylindrical porous- 
porcelain cup, which was usually placed in an upright position 
in the mass of soil to be watered. This type was subject to 
difficulties, however, since the soil mass in which the irrigator 
was ‘planted’ sometimes lost its capillary contact with parts 
of the outer surface of the porous-porcelain wall, and success¬ 
ful operation requires that the porcelain-soil inter-face must 
be maintained, in order that the hydrostatic pressures existent 
in the water films of the soil mass may be quickly transferred 

1 Published with the approval of the Director of the Ohio Agricultural 
Experiment Station. 
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to those in the porous wall. A distinct improvement was intro¬ 
duced when the porous-porcelain cylinder was replaced by a 
cone of like material. When cones are used, capillary contact 
with the soil is maintained by gravity action, for the soil mass 
tends always to settle against the conical surface, and the 
contact between porcelain and soil should improve as time 
goes on. 



Fig. 1. Sketch showing details of a double-walled pot for the auto- 
Irrigation of plants. This arrangement provides for the accurate determina¬ 
tion of increments of water loss and the use of mercury barostats of widely 
varying heights. 

Auto-irrigator cones operate best when placed centrally 
In the pot of soil, thus occupying the position in which it is 
usually desirable to place the plant. Both cone and plant cannot: 
occupy a central position in the soil mass, but when two or 
more plants are placed in the same container they may be 
arranged around the centrally placed cone. The cone itself 
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occupies a considerable volume and the container consequently 
holds less soil when a cone is used. For these reasons it would 
be desirable to arrange an auto-irrigator so that the entire 
volume of the container would be available for soil. This has 
been accomplished by constructing a double-walled pot, con¬ 
sisting of two separate pots fastened together, either before or 
after firing, in such a manner that the seal is air tight. The 
inner pot resembles those ordinarily used for plants except 
that it is freely porous to water but not to air. The outer pot, 
which is somewhat larger than the inner one to provide for 
a water space between the two, is porous to neither air nor 
water. Arranging the pots in this way amounts simply to 
turning the cone type of irrigator inside out, as it were, placing 
the soil on the inside and the water on the outside. The result 
is shown, diagrammatlcally, in figure 1. 

The inner wall, against which the soil rests and from which 
it draws water, consists of a porous pottery material much like 
that of an ordinary flower pot. The outer wall is also of pottery 
but it is waterproofed, the waterproofing extending over the 
rim and down on the inner wall to a line (AT), the level to 
which the pot is to be filled with soil. This double-walled pot 
is made in two parts, the inner pot (A) having a rim or flange 
by which it is attached to the outer pot (B) at (F). The two 
parts may be fastened together before firing or they may be 
kept separate in the kiln and subsequently cemented together 
if preferred, the process of manufacture being thus simplified. 
The double hatched part of the diagram represents the water¬ 
proofed portion of the inner pot. 

In operation, the space between the two walls is filled with 
water and the inner wall is thus kept saturated. The soil rests 
against the slightly conical surface of the inner wall and good 
capillary connection is accordingly maintained by gravity. 
The whole cavity of this type of irrigator is available for soil 
and the roots of plants, and a single plant may be placed 
centrally in the pot. The water-supplying surface Is much 
larger than when an irrigator cone is employed; for a 6-inch 
pot the porous inner wall has a surface of about 625 sq. cm., 
while the porous area of an irrigator cone (usually used singly 
in 6-inch pots of the common type or in a sheet-metal cylinder 
of about the same size) is only about 170 sq. cm. This larger 
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water-supplying surface of the new irrigator is a distinct ad¬ 
vantage. Also, the new type may be employed in smaller sizes 
than could be used with the 3-inch cone irrigators. It has been 
tested in the 5-inch and 6-inch sizes and the pots might prob¬ 
ably be even larger than the latter size without danger that' 
the moisture condition of the interior of the soil mass might 
not be satisfactorily maintained. 

The principles of operation are the same as when an irrigator 
cone is employed. There are two vertical, cylindrical perfora¬ 
tions (about 18 mm. in diameter) through the rim where the 
inner and outer walls of the double-walled pot join, these 
being on opposite sides of the pot. Rubber stoppers, each 
bearing a tube, are inserted in these perforations. One of these 
tubes (C) is provided with a stopcock and is used for the 
removal of air by suction when the pot is filled with water 
through (D) at the time the irrigator is started. The tube (D) 
connects with the water reservoir (//). These two tubes cor¬ 
respond to the two tubes ordinarily attached to the cone types 
of irrigator by a 2-hole stopper. When the apparatus is installed 
suction is applied at tube (C), with the cock open, until air 
ceases to emerge. Then, the cock is dosed. The hydrostatic 
pressure causing water movement from the reservoir to the 
space between the pot walls is regulated by the mercury 
barostat (E), inserted in the supply tube. As water is removed 
from the soil mass by evaporation from its surface or by plant 
absorption, it is replaced by capillary movement into the soil 
from the saturated porous wall of the inner part of the pot. 
The water content of this wall is maintained by a requisite 
movement of water from the reservoir. Water movement past 
the mercury column of the barostat is usually made evident by 
small bubbles, as (F), that rise from time to time. When move¬ 
ment is very slow the bubbles may not appear. A barostat; of 
this general form has been used in earlier porous porcelain types 
of auto-irrigators (Livingston, 8). The height of the mercury 
column must be adjusted to the type of soil used; in ordinary 
practice it should be only 2 to 5 cm. for sandy soils, and 5 to 
15 cm. for day soils. 

The increments of water loss from the outer reservoir are 
ascertained by refilling the bottle to a mark on its neck (G) 
from time to time, record being made of the volume of water 
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added in each instance, as is done in operating irrigator cones, 
atmometers, etc. If increments of water loss from the pot are 
required, the whole apparatus may be weighed at intervals, 
or the weighings may be made with the pot on a balance and 
the reservoir otherwise supported near it, the barostat tube 
being free to move in the neck of the bottle. Also, the barostat 
may be connected to a tube in the reservoir by a piece of 



Fig. 2, A modified form of the pot shown in figure 1 in which a third pot 
supporting the others is used as a water reservoir. A special form of valve 
barostat is used here, the assembly being compact and easily movable. 

flexible rubber tubing as was done in some of the experiments 
of Livingston and Hawkins (9). When it is desirable, the soil 
surface may be sealed to prevent evaporation. 

The design of the irrigator shown in figure 1 was modified 
slightly for use in those cases where it is neither necessary to 
measure the amount of water used at definite intervals nor to 
use mercury barostats of extreme heights. This modified form 
is shown in figure 2. 
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It will be noticed that one of the holes formerly placed in 
the upper flange is now located in the base of the outer pot. 
A third pot of non-porous material serves as the outer water 
reservoir and also as a support for the double-walled irrigator 
pot. The inner reservoir is connected to the water-holding 
space of the lower pot by means of a specially designed bare- 
stat, as shown in the illustration. The height of the mercury 
column which may be used in this case is limited by the depth 
of the supporting pot. The ones first designed allowed tor a 
barostat 8 cm. in height. This is sufficient to maintain all but 
the heavier soils at a water content low enough to be optimum 
for plant growth. An irrigator of this design is more compact 
and, in case the pots have to be moved about frequently, it 
eliminates the objection due to the semi-detached and some¬ 
what unwieldy character of the outer reservoir used in the type 
shown in figure 1. However, it does not provide for an accurate 
means of measuring water losses at short intervals or for main¬ 
taining a series of pots having barostats of widely varying 
heights. 

TESTS WITH THE IRRIGATORS 

A variety of preliminary tests have been made to study the 
practicability of these new irrigators, and the results are given 
briefly in the following paragraphs. 

Test 1. Two 6-inch auto-irrigator pots equipped with 5-cm. 
mercury^ columns and filled, one with muck and one with loam 
soil, unsealed and without plants, together with a standard, 
5-cm. collodion-coated black atmometer (Livingston, 7; 
Livingston and Wilson, 11) placed nearby, were operated in 
a greenhouse for a number of weeks. Increments of water loss 
from each of the three reservoirs were determined at 5-day 
intervals and later reduced to losses in milligrams of water per 
square centimeter of surface area for each of the soils and the 
atmometer. Of course, it is understood that the spherical bulb 
of the atmometer and the circular, plane soil surface, the lat ter 
depressed slightly below the pot rim, were not affected alike by 
the environmental conditions influencing evaporation rates. 
The atmometer was used only to make a summation of the 
effect of the environmental influences affecting the evaporation 
rate, the results being useful in evaluating the varying losses 
from the two soils. The muck soil in this test consistently lost 
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more water per unit of surface than did the clay. Its black 
color gave it a greater absorptive capacity for heat than the 
clay possessed and its water content was somewhat higher 
than that of the latter, since both obtained their water past 
mercury columns 5-cm. in height. Each of these differences 
would favor a greater water loss from the muck. The atmometer 
lost water faster per unit of area than either of the soils. This 
was probably due, in part, to its very black color and thus high 
heat absorption, and, in part, to its more perfect exposure to 
conditions influencing the evaporation rate. The average for 
the four highest and also for the four lowest losses for 5-day 
Intervals from each instrument are given in table 1. 

TABLE 1 

Losses in milligrams of water per square centimeter of exposed 
surface for 5-day intervals from a blackened 
atmometer , a muck , and a loam soil 



ATMOMETER 

MUCK 

LOAM 


mg. 

mg. 

mg. 

Average of four highest values 

375 

312 

276 

Average of four lowest values 

3 02 

264 

239 


The losses from the three Instruments for consecutive 5-day 
intervals paralleled each other very closely and maxima and 
minima occurred for the same Intervals in each case. This 
Indicates that the irrigators were able to maintain nearly 
constant soil moisture contents throughout the period of the 
test. If they have the ability to do this they should prove to 
be useful instruments for studying the relative rates of water 
loss by evaporation from the surfaces of different types of soil 
and through different surface mulches. 

Test 2. In a comparison between irrigator losses and 
evaporation, measured by refilling the reservoirs to a mark on 
the neck each day, as was done in the preceding paragraphs, 
it Is usually necessary to consider the lag that occurs between 
the time water is lost from the pot and the time it is taken up 
from the reservoir. To do this the pot and plant were mounted 
on a balance and the reservoir placed on the table beside it. 
A glass tube connected the pot with the water in the reservoir 
bottle, the tube being free to move In the neck of the bottle 
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without friction against the sides as the balance moved up and 
down. A blackened, spherical atmometer was placed on the 
same table near the balance. The pot was weighed and the 
reservoirs of the irrigator and atmometer were filled twice each 
day, at: eight in the morning and four in the afternoon, for ten 
successive days. The results are shown in table 2. 

TABLE 2 

Mean daily water losses from irrigator pot , irrigator reservoir , and 
atmometer reservoir , determined at 8 a.m. and 4 pan. each 
day for 10 days 


PART OP APPARATUS 

MEAN DAILY YVA 

4 P.M. TO 8 A.M 

TER LOSSES 

8 A.M. TO 4 P.M. 

Reservoir 

cc. 

38.3 

O', 

18.5 

Pot 

19.4 

40.0 

Atmometer 

12.6 

26.5 


The lag operated in this experiment in such a way as to 
make the rate of water loss from the pot two to three times 
as great as the loss from the reservoir for a few hours in the 
morning (when the evaporating power of the air was increasing), 
while in late afternoon and night the reservoir lost water most 
rapidly. The pot lost water about four times as rapidly during 
the day period used as during the night period, while the rate 
of loss from the reservoir continued at a rather constant rate 
throughout the 24-hour period, being but little different for 
the day and night periods when hourly averages are computed. 
This would indicate a rather constant hydrostatic pressure at 
the pot wall at all times, regardless of the rate of loss from the 
soil. The pot lost water at a rate that varied in a way cor¬ 
responding to the losses from the blackened atmometer as 
would be expected. 

In this experiment, if the variation in .soil moisture content: 
were calculated on the basis of dry soil weight, the variation 
in the water content of the auto-irrigated soil would be about 
1.2 to 2 per cent, while, if the pot were watered once each day, 
the variation would be S to 7 per cent. These variations would 
be greater for large plants than small ones by either method. 
Whether the water losses are determined by weighing'or re- 
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filling the reservoir, they should be made at the same time 
each day to get comparable results. This test serves to em¬ 
phasize the fact that only the mean water contents of an 
auto-irrigated soil are maintained and not the absolute content. 
It also indicates, however, that watering by this method results 
in a much narrower range of variation than the method of 
bringing the pot weight back to the same value each day. Thus, 
when water losses are determined by reservoir readings for 
5-day intervals, as was done in some of the tests reported in 
this paper, the daily rates are very little modified by possible 
errors due to the lag between pot and reservoir. In the case 
of the atmometer there is no appreciable lag (it occupies, at 
most, but a very few minutes even under the most rapid altera¬ 
tions of the evaporating power of the air) and it is quite safe 
always to consider reservoir loss as equal, increment by incre¬ 
ment, to the corresponding loss from the atmometer sphere 
itself. 

Test 3. Muck soil inoculated with the organism causing 
club-root of cabbage (Plasmodiophora Brassicae Wor.) was 
placed in four pairs of irrigator pots, each pair with a different 
barostat resistance,* but the two pots of each pair alike: and 
cabbage plants were grown in the pots from February 6 to 
April 24, in the greenhouse. The four barostat resistances were 
2 cm., 10 cm., 20 cm., and 30 cm. of mercury. The atmometer 
loss was nearly uniform throughout the period of this test, 
being about 100 cc. for each 6-day interval. 

The plants with 10-cm., 20-crn., and 30-cm. columns all 
grew about alike and appeared healthy throughout the period. 
Those drawing their water against a barostat resistance of only 
2 cm, of mercury grew more rapidly at first and possessed a 
healthy, vigorous appearance, being of a darker blue-green 
color than their companion plants, whose leaves were of a more 
yellowish green. After about two months these most freely 
watered plants began to show wilting on dry clays and their 
irrigator losses became less than before. At the end of the 
experiment they were found to be infected with club-root, 
while there was no evidence of infection in the plants grown 
in drier soils. The wettest soils (with mercury columns only 
2 cm. high, in which infection occurred) had a water content 
of about 50 per cent, on the basis of dry weight, and those 
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with the 10 cm. columns (in which no infection appeared) had 
a corresponding water content of only 18 per cent, it, con¬ 
sequently, appears that under the conditions of this experiment 
the critical moisture-content limit for infection, for the muck 
soil used, must have been between these two water-content: 
values. With other lengths of barostat columns, between 2 cm. 
and 10 cm., the limits might have been defined more precisely. 



Fig. 3. Graphs showing the water losses for successive 6-day intervals 
from tomato plants in irrigator pots equipped with three different barostat 
heights and from a black, spherical atmometer. The losses corresponding 
to barostat heights of 5, 15 and 25 cm. are represented by the full, dot-dash, 
and dotted lines respectively. The atmometer losses are represented by the 
dash line. 

This observation that cabbage is more susceptible to in¬ 
fection by the club-root fungus when the soil is wetter than 
when it is dryer than optimum, has been recorded in the litera¬ 
ture several times (as by Chupp (1) and by Monteith (12) 
and others), and the result of the test here briefly described 
suggests that the auto-irrigator pot may be a valuable device 
for the study of such ecological relations. 
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Test 4. Three sets of 6-inch auto-irrigator pots, two in 
each set, all with the same loam soil, unsealed, and each with 
a tomato plant, but the sets with different mercury barostats, 
were operated in a greenhouse, together with a standard 5-cm. 
collodion-blackened, spherical atmometer. For one pair of 
pots the barostat columns were each 5 cm. high, for a second 
pair their height was 15 cm. and the third pair drew their 
water past columns of 24 cm. The increments of water loss 
were ascertained for 6-day intervals and each pair of cor¬ 
responding values were averaged to give a single value for each 
interval for each pair of pots. The three resulting series of 
values for the pots and the single series for the blackened 
atmometer sphere were plotted and the four graphs thus 
obtained are shown in figure 3, each value being expressed 
in cubic decimeters. 

Fluctuations in the rates of water loss, such as follow 
weather changes, are rather thoroughly smoothed out and ob¬ 
literated by the use of the 6-day interval, and there is thus little 
correlation between the atmometer graph and those represent¬ 
ing the irrigator losses. The latter all show an ascent to a 
maximum value and then a gradual descent. These changes 
were clearly not related to changes in the evaporation conditions 
of the greenhouse, as indicated by the atmometer graph. The 
steady increase in the size of the young plants and the cor¬ 
responding additions to the areas of their leaf surfaces account 
for the ascending portions of the irrigator graphs. The exact 
causes for the decreasing values are less evident, but began 
about the time the plants flowered. Some of the lower leaves 
began to yellow at this time also, and the plants showed a 
slight drooping of the leaves on days of high evaporation. The 
latter fact would indicate that the pots were not supplying 
water at a rate equivalent to the demand set up by the large, 
succulent plants. It should be emphasized at this point that 
an irrigator of any size or type can deliver water only at a 
definite maximum rate corresponding mainly to the area of its 
porous surface and the conditions under which it is operated, 
such as height of mercury barostat, etc,, and when a plant 
depending on the irrigator for its water has reached such a size 
that its needs are in excess of this delivery maximum, the plant 
will suffer from drought. Also the small mass of soil was possibly 
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not sufficient to supply nutrients at the necessary rate and this 
resulted in physiological changes within the plant which caused 
its water use to fall off. 

The values for the 6-day increments showed pronounced 
and consistent differences according to the heights of the 
mercury column in the irrigator barostat. The ordinates of 
these three irrigator graphs doubtless represent approximately 
the transpiration rates of the corresponding plants, and also 
their vigor. The soil supplied with water against the lowest 
barostat pressure was clearly the wettest, and the plants in 
soils with that pressure (5 cm. of mercury) were the most 
vigorous and thrifty, indicating that the soil moisture content; 
here was more nearly optimum than in those pots equipped 
with 15 cm. columns. The driest soil and the least vigorous 
plants correspond to the highest barostat pressure (25 cm. of 
mercury). 

Test 5. A series of seven irrigator pots, filled with silt loam, 
were equipped with mercury barostats varying in height by 
4-cm. intervals from 4 to 24 cm. The seventh pot in the series 
was watered with no resistance between the outer and inner 
reservoirs. This was done by arranging the outer reservoir 
so that its upper water level just corresponded with that of the 
bottom of the soil mass in the inner pot. Soy beans were planted 
in the pots and after the seedlings were well above the soil 
surface one good one was allowed to remain in each pot. The 
late fall and early winter season during which these plants were 
grown was found to be unfavorable to them and, consequently, 
the results were not all that was hoped for. However, there 
was a marked decrease in the rate of water use (loss from outer 
water reservoirs) from the wet to the dry end of the series, 
from 0 to 24 cm. of mercury column, A complete set of the 
data obtained is not given here, but in table 3 there are pre¬ 
sented only the average daily losses for two 30-day periods 
(including losses from soil surface and plant leaves) for the 
pots equipped with barostat heights of 0, 12, and 24 cm. 

The plants in the wet end of the series grew best, the one 
obtaining water against no mercury resistance being the largest 
in this test. Only one plant intermediate in the series was 
smaller than the one in the pot with the 24-cm. column. The 
reason for this break in the series was not determined. The 
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genera! appearance of the plants was also somewhat different 
in the wet and dry soils. The former were taller, had longer 
stem internodes and leaf petioles, and fewer axillary branches 
than the latter. The leaf number and size was much the same 
throughout the series, but the plants on the dry end blossomed 
and bore fruit more profusely than those with more available 
soil moisture. Some of the influences of different, maintained 
soil moisture contents on plant growth are shown in this test, 
and the irrigator pot appears to be an efficient instrument 
for providing such controlled moisture conditions. 

Test 6. To compare the efficiency of the cone and pot types 
of irrigators, tomato plants were grown in soil watered by each 


TABLE 3 

Average daily water losses during two 30-day intervals from plants 
and soil in irrigator pots equipped with barostats of 0, 12 and 
24 cm. in height 


BAROSTAT HEIGHT IN CENTIMETERS 


INTERVAL 



0 

12 

24 


cc. 

cc. 

cc. 

First 

68 

43 

32 

Second 

95 

67 

49 


instrument. Loam soil was placed in 6-inch irrigator pots 
and in 1-gallon tinned-metal cylinders, irrigator cones being 
'planted’ in the center of each of the latter. Mercury barostats 
25 cm. in height were used in each arrangement. The water 
losses from soil and plant combined were determined at 3-day 
intervals over a period of two months for each type of irrigator. 
The results are not shown in detail, but when the average 
daily losses for three periods of 21 days each, covering most 
of the growth period of the tomato plants, were compared for 
each type of instrument, it was found that the losses from the 
pot type of irrigator were greater in every instance, but the 
plants watered by the cone nearly equaled the others in growth. 
The irrigator-pot was found to be somewhat easier to set up and 
operate than the cone, and may be considered an equal if not 
superior instrument to the latter for irrigating plants over long 
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periods, because of the greater area of porous surface it pro- 
vides for a given soil volume. 

The experiments reported in the preceding paragraphs seem 
to indicate clearly that this new auto-irrigator pot has promise 
as a research tool in physiological, ecological, agricultural, and 
even pathological experimentation with plants where the 
maintenance of a fairly constant water-supplying power of the 
soil is desired. 

The author wishes to acknowledge his indebtedness to 
Professor Arthur S. Watts, of the Ceramics Department of the 
Ohio State University, through whose courtesy these new pots 
were manufactured, and to Professor B. E. Livingston, of the 
Johns Hopkins University, for his criticisms of the manuscript. 


SUMMARY 

In growing plants for experimental purposes it is frequently 
desirable to regulate the soil moisture content more closely 
than can be done by the ordinary method of adding water at 
one- or two-day intervals. This has been done by the use of 
two pots, one placed inside the other and the two fastened 
together by means of a flanged rim on the inner one. The 
inner one is porous to water but not to air, and the outer one 
is porous to neither. The inner pot is enough smaller than the 
outer to provide for a water reservoir between the two. 

This pot type of irrigator permits the placing of a plant- 
in a central position in the soil mass in which it is to be grown, 
and provides a much larger area of porous wall in proportion 
to the volume of soil to be irrigated than is the case with the 
older types of auto-irrigators. Otherwise, the principles of 
operation are similar for the various types. 

Several tests to determine the usefulness and practicability 
of this new type of irrigator have been made. These include 
the following studies: one on the comparative losses of water 
by evaporation from different soil types and a blackened 
atmometer; the time lag occurring between the loss of water 
from a pot and its absorption from the outside reservoir; 
another on the possibility of maintaining such soil-moisture 
contents that infection of cabbage by club-root will or will not 
occur; a third on the variations in the amount of water used 
when tomato plants obtain their water past mercury barostats 
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of different heights, and a similar experiment for soy beans, with 
notes on growth characteristics of the plants; and finally, a 
comparison between the pot and cone types of irrigators to 
determine their relative efficiency as irrigators. 

Ohio Agricultural Experiment Station 
Wooster, Ohio 
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Development of the integument and germination of the seed of 

Eleusine indica 

Margaret P. Cummins 
(with seven text figures) 

Eleusine indica Gaertner is one of the few grasses in which 
the integument develops as a hard seed coat while the pericarp 
remains as a thin, loose layer. Because of this, a detailed study 
of the development and fate of the integuments has been made. 
Since the seeds were found not to germinate under ordinary 
conditions, the effect of the seed coat on imbibition was also 
studied. 

The nature and development 01 the integuments has 
been studied in Poa pratensis and Poa compressa by Miss 
Andersen (1), in Holcus halepensis by Harrington (8), in-Zea 
mays , Triticum vulgar e, and Avena saliva by True (13), in 
barley by Rrenchley (2), in Zea mays by Weatherwax (IS) 
and Guignard (7), in Poa annua by Golinski (6), and in Tri- 
ticum vulgare by Jensen (10). In most of these the integuments 
disappear or are crushed beyond recognition before maturity 
of the seed; but in Poa (1) and Holcus (8) at least one of the 
integuments persists and forms an important part of the cover¬ 
ing of the mature seed. The writer has found in the literature 
no reference to the development of the integument or to 
germination in Eleusine. 

Material used in this study was collected at Bloomington, 
Indiana, in the summer and fall of 1927. This species is abun¬ 
dant in this locality in alleys, gardens, and waste ground. 

The ovaries containing immature seeds were imbedded in 
paraffin and sectioned with the microtome. The mature seeds, 
which were too hard to be treated in this way, were attached 
to blocks of wood with glue and cut freehand under the 
binocular microscope. 

The ovary of Eleusine is typical of the grasses. The wall 
is of irregular thickness, the thicker part being at the top. 
It consists of an outer epidermis and four or five rows of par¬ 
enchyma cells (fig. 1). The ovule is attached to the side of 
the ovarian cavity with the micropyle turned toward the 
bottom. 

155 
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Just before fertilization, when the embryo-sac is mature, 
both integuments surround the nucellus completely. Although 
in most grasses the edge of the outer integument is caught in 
the stylar canal (Weatherwax, 15, fig. 2; Golinski, 6, pi. 2 , 
fig. 18; Guignard, 7, p. 43-44), in Eleusine it continues down al¬ 
most as far as the inner integument and forms only a protuber¬ 
ance in the canal (fig. 2). 

Each integument is composed of two layers of cells except 
near the micropyle, where there are sometimes three layers. 



Fig. 1. Young ovary. Fig. 2. Ovary just before fertilization with both 
integuments surrounding the nucellus. P, pericarp; 0, outer integument; I, 
inner integument; N, nucellar tissue; M, micropyle; E, embryo sac, 


Long before fertilization the cells of the inner row of the inner 
integument are larger and stain more densely than the others 
(fig. 3). A radial lengthening of these cells is seen, especially 
at the chalazal end. 

At the time of the four-nucleated stage of the germination 
of the megaspore the outer integument and pericarp are still 
present. Soon the outer integument begins to degenerate 
(fig. 4) and the pericarp shows signs of collapse. When the 
seed is nearly mature, the outer integument is gone, with the 
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pericarp persisting only as a thin layer, and the nucellus has 
been absorbed (fig. 5). 

Mature seeds have a dark brown covering, two cells thick, 
formed from the inner integument. The pericarp is present only 
as a fibrous layer. The inner cells of the inner integument are 
rectangular in shape, with thick, hard walls. The outside cells 
have rounded walls, their outer walls being very much curved 
and thus forming the ridges seen on the seeds (fig. 6). 

Seeds were gathered in October and kept in a warm, dry 
room in paper envelopes. An attempt to grow seedlings in the 
greenhouse in the winter was unsuccessful because the seeds 



Fig. 3. Section of the outer and inner integuments, from an ovary of 
the same age as the one in fig. 2, showing the radial lengthening of the cells 
and darkening of the walls of the inner row of cells of the inner integument. 

Fig. 7. Section through the seed coat with deposits of suberin or cutin 
shown by staining. C, cutin or suberin; symbols otherwise as in figs. 1, 2. 

would not germinate. It was suspected that their failure to 
germinate was correlated with the character of the seed coat. 
Accordingly experiments on germination and microchemical 
tests of the seed coat were made. 

In the experiments on germination certain methods and de¬ 
vices suggested by Crocker (3 & 4) were used. Dr. Eckerson's 
manual (5) and Tunmann’s Microchemistry (14) were followed 
in making the chemical tests. Any tests depending upon color 
changes were difficult, because of the dark color of the seed 
coat, which resisted all attempts at bleaching. 
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In all the experiments on germination the seeds were placet' 
on moist filter paper in crystallizing dishes. About thiity-five 
seeds were used in each lot treated, and the same number hi a 
control in each case. The seeds used in the controls weit 
gathered at the same time and kept as described befoie ioi 
the seeds used in the experiments, and therefore had not been 
affected by the forces of weathering. The experiments were 



Fig. 4. Disintegrating outer integument. Fig. 5. Almost mature seeds 
showing the absence of the outer integument and the very thin pericarp. 
P, pericarp; 0, outer integument; /, inner integument; E, endosperm. 


started October 17 and the last one was performed January 21. 
Forcing agents suggested by Crocker (4) w T ere used first. 

Since some seeds will germinate after the seed coat has been 
scarified by some means, in the first experiment the seeds were 
rubbed between two pieces of fine sandpaper and placed in the 
germinating dish. In each of three lots so treated five or six 
seeds had germinated at the end of five days. One lot of seeds 
were mixed with sharp sand (about five hundred times as much 
sand as seeds), placed in a bottle, and shaken vigorously for 
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some time. Only one of these seeds germinated. Probably more 
would have germinated had the treatment been prolonged. 

Since germination has been brought about thus far by phy¬ 
sical changes, tests were made on the effects of freezing and 
thawing which seem to be of great significance in nature. Two 
different dishes were prepared. Each one was set outside on 
December 8. One was left outside a month. The other was 
brought inside three times during the month and placed near a 
radiator for two or three days. Thus it "was subjected to great 
fluctuations in temperature,—from — 22°C. to warm room 
temperature. The other seeds froze and thawed, but did not 
feel the great fluctuations in temperature. Both dishes were 



Fig. 6. Fruit and two views of the mature seed. Drawings made by Dr. 
Paul Weatherwax. X25. 

brought in and placed near the radiator at the end of the month. 
After four days six seeds had germinated in each dish. 

From previous experiments it seemed probable that the 
mechanical resistance of the seed coat might be such that the 
pressure of the expanding embryo could not rupture it without 
aid. Hence to test the mechanical resistance and to modify the 
colloids of the seed coat, the seeds were immersed in boiling 
water for one minute and then put to germinate. No results 
were obtained, either because the seeds were not in the water 
long enough or the temperature of the water killed the embryos. 

Soil as a substratum frequently forces the germination of 
dormant seeds. Soil may contain a number of reagents which 
play a part, each acting upon the seed coat or upon living 
structures. Accordingly some seeds were placed on soil. At the 
end of a week one seed had germinated. . 
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Seeds were immersed in an oxidizing agent, commercial 
hydrogen peroxide, and left for one-half day before being put to 
germinate. Not one germinated. .Some other seeds were im¬ 
mersed in alcohol and left one-half hour before being put to 
germinate. None of these germinated. One lot of seeds were 
immersed in ether for ten minutes and another lot for forty 
minutes. After twenty days two seeds from the latter lot had 
germinated. 

Near the middle of January some soil was taken from the 
place where Eleusine had grown the year before, and was kept 
moist in the greenhouse. In a week many seedlings appeared. 

Seeds used in the controls carried on with these experiments 
gave uniformlynegative results except in one case,where a single 
seed germinated. The fact that the seeds germinated from the 
very first if scarified showed that time for after-ripening was 
not necessary. Germination was delayed because of the nature 
of the seed coat. The need seemed to be for certain physical 
conditions rather than chemical stimuli. 

Since the seed coats were found to be so hard that germina¬ 
tion was impossible unless the seed coats were modified in some 
way, microchemical tests were made on the seed coat. The main 
parts of the seed coat seemed to be cellulose and suberin or cutin. 
Both Sudan III and a Scarlet R showed cutin or suberin 
present on the inner and outer surfaces of the integument 
and epidermis of the pericarp. In using either of these 
stains a drop of the solution was placed on the slide and after 
twenty minutes washed with 50 per cent alcohol (Eckerson, 5). 
The sections were then observed in glycerine. In using these 
stains, both the inner and outer surfaces of the integument and 
the epidermis stained red. The band of red on the inner surface 
of the integument was much thicker than that of the outer 
(fig. 7). A little red appeared in the cross walls which gave the 
appearance of suberin or some fatty substance. A chlorophyll 
solution (Harrington, 9) showed a tinge of green on the outer 
walls of the cells of the seed coat. This test was not satisfactory 
because the depth of the green could not be determined on 
account of the dark color of the seeds, but it seemed to indicate 
the presence of cutin or suberin in the outer walls. A solution 
of iodine (Strasburger & Hillhouse, 12) gave a starch reaction 
in almost all the pericarp. The degenerating outer integument 
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turned reddish brown, indicating a partial hydrolysis of the 
original cellulose. When an Eleusine slide was treated with 
iodine, washed well with distilled water, and 75 per cent 
sulphuric acid was added, the radial walls of the integument, 
the placenta, and a small part of the pericarp "gave a cellulose 
reaction, turning blue or partly dissolving (Eckerson, 5). 
Immersing the seeds in concentrated sulphuric acid for six days 
caused the seed coats to become soft and brittle. On account 
of the black color added to the original dark color by these 
reagents it ivas impossible to tell what parts of the seed coat 
had been dissolved. 


SUMMARY 

In Eleusine the edge of the outer integument is not caught 
in the stylar canal as it is in most grasses. The integument 
continues on down to the micropyle and forms only a protuber¬ 
ance in the canal. 

At the time of the four-nucleated embryo-sac the outer 
integument shows signs of absorption, giving the dextrin reac¬ 
tion, and at maturity it has been absorbed. 

The inner integument completely surrounds the nucellus 
when the embryo-sac is mature. It consists of two layers of 
cells. The inner and outer surfaces of the integument are 
cutinized or suberized. The inner of these layers is much 
thicker. The cross walls are mainly cellulose. 

The inner integument develops into a hard, grooved seed 
coat with the pericarp persisting only as a broken layer. , 

Seeds of Eleusine will not germinate until after the seed 
coat has been modified in some way. Failure to germinate 
apparently is not due to immaturity of the embryo. Freezing 
and thawing are natural forcing agents. Repeated fluctuations 
in temperature are not necessary. Scarifying the seed coat by 
different means gives good results in germination. 

I take opportunity here to express my obligations to Dr, 
Paul Weatherwax for the suggestion of this problem and for 
assistance and criticism in connection with this study. 

Indiana University, 

Bloomington, Indiana 
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Mew plants from Mevada 
Philip A. M unz 

During the past four seasons Mr. Edmund C. Jaeger of 
the Junior College at Riverside, California has made profit¬ 
able trips to the Charleston Mountains in extreme southern 
Nevada. Among the very interesting plants that he and others 
have recently obtained in this isolated mountain range, the 
following species have been carefully studied and found 
worthy of description. 

In this connection t wish to acknowledge my indebtedness 
to Dr. Ivan M. Johnston of the Gray Herbarium for kindly 
comparing these plants with material there, and to Dr. E. B. 
Copeland of the University of California Herbarium for loan 
of a collection of Epilobium nivium Branclegee, namely one 
from St. Johns Peak, Lake Co., California, by W. W. Mackie 
in 1902, and for comparison of this loan with the type collec¬ 
tion. 

Lesquerella Hitchcockii Munz, n. sp. Perennial, silvery 
stellate throughout, stellae small with rays numerous and ir¬ 
regularly coherent; caudex much branched; stems ascending, 
1-4 cm. long, unbranched; radical leaves varying from ob¬ 
long or oblanceolate and with entire blades 5-8 mm. long, 
ca. 2 mm. wide, obtuse, and narrowed into slender petioles of 
same length, to broadly ovate or oblong, with blades 4-5 mm. 
long, 3-4 mm. wide, on somewhat shorter petioles; cauline 
leaves reduced, few, narrower; flowering stems 1-1.5 cm. long; 
subscapose,with terminal few-flowered corymbs; sepals 4-5mm. 
long; petals pale yellow, linear-spatulate, 5-7 mm. long; filaments 
linear; fruiting stems 2-4 cm. long; fruits 3-8 in subcorymbose 
terminal cluster; pedicels stellate, ascending, not usually mark¬ 
edly sigmoid, 3.5-5 mm. long; capsules subglobose, not no¬ 
ticeably compressed, substipitate, reddish, glabrous, 3-4 mm. 
long, with entire septum; ovules 2-4 in each cell; styles fili¬ 
form, reddish, 4.5-5 mm. long; seeds ca. 2 mm. long, brown, 
not winged. 

Planta perennis, argenteo-stellata; foliis oblanceolatis aut 
ovato-oblongis, laminis 4-6 (8) mm. longis, 2-4 mm. latis; 
caulibus cum capsulis subscaposis, 2-4 cm. longis; floribus 
paucis, subluteis, corymbosis; capsulis subglobosis, glabris, 
siibrubris, substipitatis, 3-4 mm. longis; stylis 4.5-5 mm. 
longis; seminibus non alatis, ca. 2 mm. longis. 

• .1,63 ' '' 
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Type, fruiting plants from high exposed ridges in the 
Charleston Mountains of Nevada, at 10,500 ft. alt., collected 
by E . C . Jaeger and C. L. Hitchcock , Sept. 1, 1927 (Pomona 
College Herbarium No. 45092). An earlier collection in flower, 
same region, E. C. Jaeger , June 26, 1926 (Pomona). In the 
herbarium at Pomona College are two sheets from southern 
Utah with the smooth reddish fruits of the proposed species. 
One from Marysvale, M. E. Jones 5404 , has styles of same 
general length and rather narrower leaves. The second from 
Panguitch, Jones on July 18, 1920, has styles only 3 mm. or 
less long and narrow leaves. Both these plants are rather 
small and depauperate specimens, scarcely or not at all scapose, 
yet with the fruit of L. Hitchcockii. They differ from all other 
sheets I have seen from Utah, and indicate the need of more 
material from that region. 

I take pleasure in naming this species for Mr. Charles Leo 
Hitchcock, one of my students, from whom more will be heard 
in Botany. The smooth fruits and low habit separate this 
species from others of the region. 

Draba Jaegeri Munz & Johnston, n. sp. Caespitose peren¬ 
nial; caudex often much and loosely branched; leaves more 
or less tufted, narrowly obovate, acutish to obtuse, 4-6 mm. 
long, 3-4 riim. wide, thickened and with indistinct midvein, 
pubescence rather loosely stellate, marginal cilia evident, 
leaves grayish but not silvery; scapes slender, pubescent, 2-5 
cm. long; flowers showy, in a dense corymbose raceme 1-1.5 
cm. long; sepals pubescent, purplish, hyaline margined, 2.5 
mm. long; petals white, 5-6 mm. long; fruiting inflorescence 
not elongated; pedicels 4-6 mm. long; capsules flattened, 
densely stellate-pubescent, 4-6 mm. long, 3-4 mm. broad; 
styles filiform, 3-4 mm. long,dark; seeds brown, 1 mm. long, 
not winged. 

Planta perennis, caespitosa; foliis cristatis, anguste obo 
vatis, stellato-pilosis, ciliosis, 4-6 mm. longis, 3-4 mm. latis; 
scapis tenuibus, pubescentibus, 2-5 cm. longis; floribus spec- 
tabilibus; sepalis subpurpureis, pubescentibus; petalis alfais, 
5-6^ mm. longis; pedicellis 4-6 mm. longis; capsulis compla- 
natis, stellato-pubescentibus, 3-4 mm. latis; stylis 3-4 mm. 
longis; seminibus non alatis, 1 mm. longis. 

Type, from Charleston Mts., in rock crevices at 11,000 ft. 
alt., E. C. Jaeger , June 26, 1926 (Pomona College Herbarium 
No. 44,771). A second collection from 10,000 ft. alt. by E. C. 
Jaeger was taken the same day (Pomona). 
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In Payson’s key to the perennial scapose Drabas of North 
America (Amer. Jour. Bot. 4: 256. 1917) this species would be 
near to Payson’s vestita (correct name, D. Paysonii Macbr.), 
but has leaves too wide. It might run also to his D . Mulfordae , 
from Idaho, but again the leaves are about twice as wide as 
in that species. The leaves and habit suggest D. uncinalis 
Rydberg, which is placed by Payson in the smooth-fruited 
species. He had not seen material for that species, but the 
co-type at Pomona College has ample pubescence on the fruits. 
The proposed species differs from D. uncinalis by its larger 
fruits and longer styles. In fact the very long styles set D. 
Jaegeri apart from all closely related species, exceeding 
even those of D. pterosperma , which differs by having winged 
seeds. 

Ivesia Jaegeri Munz & Johnston, n. sp. Green, perennial, 
villous and minutely glandular throughout, but not viscid; 
caudex woody, 2-3 cm. long, 7-8 mm. thick, crowned with 
persistent leaves and stems of previous years; stems several, 
slender, simple below, sparsely and openly branched above, 
spreading, ascending at tips, 2-15 cm. long; stipules 6-8 mm. 
long, the free portion 2-3 mm. long, lance-linear, entire; 
leaves pinnate, mostly basal; lower leaves with blades 1-5 
cm. long; petioles 0.5-4 cm. long; leaflets 3-7 pairs, but not 
usually opposite, not crowded, 3-7 mm. long, divided almost 
to base into.3 or 4 oblanceolate to narrowly obovate segments, 
not bristle tipped, but frequently with 2-3 longer hairs at tips; 
upper leaves reduced, with 1-5 entire or somewhat divided 
segments, subsessile; flowers in 2-5 flowered open cymes; pedicels 
filiform, 0.5-2 cm. long; hypanthium saucer-shaped, 3-4 mm. 
wide; bractlets lanceolate, 2 mm. long; sepals ovate, 3 mm. 
long; petals yellow, narrow, oblanceolate, 2 mm. long, scarcely 
clawed; stamens 20, filaments linear, ca. 2 mm. long, seated 
close to the styles; receptacle hairy; pistils ca. 9; styles fili¬ 
form, almost apical, ca. 2 mm. long; achenes brown, glabrous, 
scarcely 1 mm. long. 

Perennis, viridis, villosus, vix glandulosus; caulibus aliqui- 
bus, tenuibus, subdecumbentibus, 2-15 cm. longis, ex caudice 
ligneo; foliis pinnatis, 1-5 cm. longis, cum 3-7 paribus pin- 
narum; pinnis 3-7 mm. longis, partitis, oblanceolatis aut an- 
guste obovatis; floribus 2-5, in cymis laxis; hypanthio breve 
crateriformi, 3-4 mm. lato; sepalis ovatis, 3 mm. longis; petalis 
luteis, angustis, oblanceolatis, 2 mm. longis; staminibus 20; 
pistillis ca. 9; stylis linearibus, subapicalibus, 2 mm. longis; 
acheniis glabris, 1 mm. longis. 



166 


BULLETIN OF THE TORREY CLUB 


[VOL. 56 


Type, Charleston Resort, Charleston Mts., July 3, 1927, 
Marcus E. Jones (Pomona College Herbarium No. 44, 277; 
isotypes at University of California, Gray Herbarium, and 
New York Botanical Garden). Known also from the following- 
collections: limestone rocks, Charleston Mts., Jaeger , Sept, 
12, 1925 (Pomona); at 10,000 ft., Jaeger , June 20, 1927 (Po¬ 
mona); and Little Falls near Griffith’s Resort, Kyle Canyon, 
Charleston. Mts., Jaeger , Sept. 1, 1927 (Pomona). The species 
first came to my attention through the 1925 collection by 
Mr. Jaeger, and it is a pleasure to name it in his honor. 

It is rather an interesting species in combining characters 
of Ivesia and Potentilla proper. Its general aspect is that of 
Ivesia Baileyi with foliage and habit like that species, but the 
number of stamens (20 instead of 5), the more filiform fila¬ 
ments, the position of the stamens near the pistils instead of 
being separated by an open space, and the rather subapical 
insertion of the style are more like Potentilla. The new species 
is less viscid-glandular than 1 . Baileyi or I. setosa . 

Epilofoium nevadense Munz, n. sp. Low, suffruticose, 
caespitose, with freely branched woody caudex, these branches 
prostrate, dark brown, with freely exfoliating bark, and 2.5-3 
mm. thick, giving rise to many slender, erect, pubescent, 
mostly simple stems, which are straw-colored, often purplish- 
tinged, ‘12—25 cm. high, leafy throughout; leaves glabrate, 
glaucescent, denticulate, green or purplish, on short pubes¬ 
cent petioles and tipped with inconspicuous stout rigid gland; 
lowerleaf-blades oblong, obtuse, opposite, 8-15 mm. long, 2-3mm. 
wide, on petioles 2-3 mm. long; main cauline leaves alternate, 
somewhat narrower and more acute, gradually reduced up¬ 
ward, with fascicles of bract-like leaves in axils; leaves of in¬ 
florescence reduced to linear bracts 2-5 mm. long; flowers 
several on each stem, in loose racemes, sessile or on short 
glandular pedicel-like stems, each with small bract near base 
of glandular ovary; calyx tube -glandular without, glabrous 
within, 2-3 mm. long, tinged reddish, tubular, slightly enlarged 
above ovary; calyx-lobes lanceolate, glandular, 3-5 mm. long, 
reddish, deflexed in an thesis; petals violet-purple, obcordate, 
6-7 mm. long; stamens with filaments not dilated, the longer 
ones ca. 3 mm. long, shorter ones ca. 1.5 mm. long; anthers 
apiculate, 0.5 mm. long; style glabrous, ca. 10 mm. long; 
stigmas*ca, 1 mm. broad, squarish in outline, with 4 subtri- 
angular reflexed lobes; capsules subfusiform, glandular-pubes¬ 
cent, 8-12 mm. long, 1.5-2 mm. thick; the few seeds develop- 
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ing near the center, seeds smooth, brown, ca. 1.5 mm. long; 
coma white, about 5 mm. long. 

Humilis, suffruticosa, caespitosa; ramis caudicis prostra- 
tis; caulibus tenuibus, erectis, pubescentibus, foliosis, 12—25 
cm. altis; foliis glabris, glaucescentibus, denticulatis, lin- 
earibus aut suboblongis, 8-15 mm. longis, 2-3 mm. latis; 
pedicellis glandulosis; floribus in racemis; hypanthio glandu- 
loso, 2-3 mm. longo, subpurpureo; lobis calycis lanceolatis, 
glandulosis, 3-5 mm. longis; petalis purpureis, obcordatis, 6-7 
mm. longis; staminibus 1.5 aut 3 mm. longis; stylis glabris, ca. 
10 mm. longis, stigmatibus quadrilobatis; capsulis subfusifor- 
mibus, 8-12 mm. longis, f.5-2 mm. crassis; seminibu's paucis, 
fuscis, 1.5 mm. longis; coma alba. 

Type, from Cathedral Rock, Charleston Mts., Nevada, 
at 9200 ft. alt., Sept. 4, 1927, E. C. Jaeger (Pomona College 
Herbarium No. 152,780; isotypes at University of California 
and Gray). An earlier collection at 8000 ft. was made Sept. 
12, 1925, Jaeger (Pomona). This interesting species is very 
close to E. nivium Brandegee from Lake County, California. 
Both have the same general habit and stature; E. nevadense, 
however, has denticulate, glaucescent leaves rather than en¬ 
tire pubescent ones. The leaves are also narrower. E. neva¬ 
dense has the flowers more glandular, and of different propor¬ 
tion, the calyx-tube being about half as long as in E. nivium , 
although the flowers are near the same general size. The coma 
is white instead of ‘dingy’. The emphasis placed by Brandegee 
on the stout, rigid gland at the apex of the leaves seems rather 
unwarranted, since this same structure (at most rather incon¬ 
spicuous) occurs also in E. nevadense and E. paniculaium y to 
which annual species both E . nivium and E. nevadense are 
undoubtedly related. 

Pomona College, 

Claremont, California 
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Adams, J„ A bibliography of Canadian plant geography to the 
end of the year 1920. Trans. Roy. Canadian Inst. 16: 293- 
355. 1928. 

Adams, J. W. Potamogeton Vaseyi in southeastern Penn¬ 
sylvania. Bartonia 10: 28-29. 9 Ja 1929. 

Anderson.} D. B. Some recent work on the structure of the 
plant cell wall. Ohio Jour. Sci. 28: 299-314. /. 1-3. “M” 
15 D 1928. 

Armitage, E. Some Spanish bryophytes. Bryologist 31: 123— 
126. N 1928. 

Arnold} R, E. Restrepia antennifera . Orchid Rev. 36: 359. 
D 1928. 

Ash©} W, W. Notes on southeastern woody plants. Bull. 
Torrey Club 55: 463-466. “N” 4 D 1928. 

Viburnum ozarkense and Quercus pygmea, spp, nov. and several new 
varieties and combinations are described. 

Atkinson, A., & Love 5 EL EL A biometrical analysis of the effect 
of environment on a pure line of oats. Jour. Am. Soc. 
Agron. 20: 1251-1291. /. 1-7. D 1928. 

Babcock, E. B. New species of Crepis from southern Asia. 
Univ. Calif. Pub!. Bot. 14: 323-333. 3 D 1928. 

Describes ten new species. 

Baker, C. L., & Brown, EL D. Effect of sunshine and shape of 
fruit on the rate of ripening of tomato fruits. Plant 
Physiol. 3: 513-515. 0 1928. 

Bartram, E. B. Additional Costa Rican mosses. Jour. Wash. 
Acad. Sci. 19: 11-27. /. 1-2 f 4 Ja 1929. 

New species are described in Dicranum (1), Pseudosymblepharis (1), 
Leptodontium (1), and Stenodictyon (1). 

Bartram, E. B* Mosses of western Mexico collected by Mrs. 
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Ynes Mexia. Jour. Washington Acad. Sei. 18: 577 . 582. 

f. 1. 19 D ,1928. 

Describes Isopterygium dimunitivmn as new species. 

Bartram, E. B. Studies in Funaria from .southwestern United 
States. Bryologist 31: 89-96. pL $, 9. “S” 26 M 1928. 

Four new species are described. 

Bartram, E. B. Texas mosses collected by Mrs. E. A. Harris, 
Bryologist 31: 104-105. “S” 26 N ,1928. 

Beck, W. A. Osmotic pressure, osmotic value, and suction 
tension. Plant Physiol. 3: 413-440. f. 7, 2. O 1928. 
Belling, J. Contraction of chromosomes during maturation 
divisions in Lilium and other plants. Univ.Calif. Publ.Bot. 
14: 335-343. /. 2-5. 11 D 1928. 

Berry, E. W. An Alethopteris from the Carboniferous of Peru. 

Jour. Wash. Acad. Sri. 18: 586-588. /. 2. 19 D 1928. 
Blagg, B. In Grannis Hollow. Bryologist 31: 98-100. ‘S’ 5 

26 N 1928. 

Blake, S, F. A new Grindelia from Texas. Proc. Biol. Soe. 
Washington 41: 139-140. 15 O 1928. 

Grindelia oolepis sp. nov. 

Blake, S. F. Notes on Aster. Rhodora 30: 226-228. “N” 

17 D 1928. 

Blake, S. F. Notes on Thelesperma. Proc. Biol. Soc. Washing¬ 
ton 41: 145-150. 15 0 1928. 

Bodeker, F. Mamillaria aurihamata Bod. Zeitsch. Sukkul. 3: 
340-342. Must. N 1928. 

Bodeker, F. Mamillaria durispina Bod. Zeitsch. Sukkul. 3: 
342-343. Must. N 1928. 

Bouillemxe, R. Anatomical material for the study of growth 

differentiation in higher plants. Plant Physiol. 3: 459. 

471. /. 1-13. O 1928. 

Bowers, C. G. The blooming dates for Rhododendrons and 
Azaleas. Jour. N. Y. Bot. Gard. 30: 18-20. Ja 1929. 
Braun, E. L. The vegetation of the Mineral Springs region of 
Adams County, Ohio. Ohio Biol. Surv. 3: 383-517 
/. 1-48. 30 Je 1928. 

Brinley, F. J. Penetration of hydrogen cyanide into living- 
cells. Protoplasma 2: 385-391. /. 1-3. 1927. 

Britton, E. G. The Japanese beetle. Torreya 29: 107-109. 
/. 1. 2. “D 1928” 8 Ja 1929. 
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Britton, N. L. Chamaecrista Swartzii . Addlsonia 13: 55. 
pi. 444. 31 D 1928. 

Britton* N. L. Columnea Tulae. Addisonia 13: 57. pi. 445. 
31 D 1928. 

Britton, N. L. Ipomoea polyanthes. Addisonia 13: 49. pi. 441. 
31 D 1928. 

Britton, N. L. Jussiaea angustifolia. Addisonia 13: 51. pi. 442. 
31 D 1928. 

Britton, If. L. Pentarhaphia albiflora. Addisonia 13: 63. 
pi. 448. 31 D 1928. 

Britton, N. L. Rubus rosaefolius. Addisonia 13: 59. pi. 446. 
31 D 1928. 

Britton, N. L. Tetrazygia elaeagnoides. Addisonia 13: 53. 
pi. 443. 31 D 1928. 

Britton, N, L. Volkameria aculeata. Addisonia 13: 61. pi. 447. 
31 D 1928. 

Brooks, & Cooley, J. S. Time-temperature relations in 
different types of peach-rot infection. Jour. Agr. Res. 37: 
507-543. f. 1-30. “1 N” D 1928. 

Brown, F. B. H. Cornaceae and allies in the Marquesas and 
neighboring Islands. Bernice P. Bishop Mus, Bull. 52: 
1-22. f. 1-5. 1928. 

Includes description of Lautea gen. nov. 

Cain, S. A. Plant succession and ecological history of a central 
Indiana swamp. Bot. Gaz. 86: 384-401. f. 1-8. 27 D 1928. 
Camus, A. Two new bamboos from New Guinea. Jour. Arnold 
Arbor. 9: 144-146. N 1928. 

Schizostachyum Brassii and Bambusa Brassia spp. nov. 

Campbell, D* H. The phylogeny of the Angiosperms. Bull. 

Torrey Club 55: 479-497. f. 1-3. “D 1928” 24 Ja 1929. 
Castle, E. S. Dark adaptation and the light-growth response 
of Phycomyces. Jour. Gen. Physiol. 12: 391-400./. 1-4. 
20 Ja 1929. 

Charles, V. K. Mrs, Flora Wambaugh Patterson. Mycologia 
21: 1-4. portrait . 2 Ja 1929. 

Chun, W. Y. Additions to the knowledge of Chinese trees. 

I. Jour. Arnold Arbor. 9: 150-153. M 1928. 

Clark, J. A., & Smith, R. W. Inheritance in Nodak and Kahla 
durum wheat crosses for rust resistance, yield and quality 
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at Dickinson, North Dakota. Jour. Am. Soc. Agxon. 20: 
1297-1304. D 1928. 

Clarkson, E. H. The habitat and distribution of the broad-leaf 
spinulose ferns. Am. Fern Jour. 18: 120-124. 1) 1928. 

Clements, H. F. Plant nutrition studies in relation to the 
triangular system of water cultures. Plant Physiol. 3: 
441-458. f. 1-6. 0 1928. 

Cooper, D. C., & Porter, C. L. Phytophthora blight of peony. 

Phytopathology 18: 881-889. pi. 29+f. 1-5. N 1928. 
Cragie, J, H. On the occurrence of pycnia and aecia in certain 
rust fungi. Phytopathology 18: 1005-1015. /. 1-3. 

D 1928. 

Davidson, A. Fritillaria Hutchinsoni n. sp. Bull. So. Calif. 

Acad. Sci. 27: 79. pi. 8. 31 D 1928. 

Davidson, A. Stylophyllum anomalum n. sp. Bull. So. Calif. 
Acad. Sci. 27: 79. 31 D 1928. 

Bobbie, H. B. Lake Rotoiti. Am. Fern Jour. 18: 115-119. 
D 1928. 

Dodge, B. O. Notes on some Iris troubles. Jour. N. Y. Bot. 

Card. 30: 5-10. f. 3-5. Ja 1929. 

Donat, A. Verbreitung einiger Desmidiaceen. II. Pflanzen- 
areale 2: 19-22. maps 21-25. 1928; III. Pflanzenareale 
2: 22-25. maps 26-30. 1928. 

Doubt, D. G. Cytology of Halidrys dioica. Bot, Gaz. 86: 330- 
344. f. 1-17 . 30 N 1928. 

Bupret, H. Amblystegium riparium , var. abbreviatum . Bryolo- 
gist 31: 96-98. f. 1. “S’ ? 26 N 1928. 

Buursma, G. D. Echinocactus Lloydii . Succulent a 10: 228- 
229. Must. D 1928. 

Ennis, B. The life forms of Connecticut plants and their sig¬ 
nificance in relation to climate. Conn. Geol. & Nat. Hist. 
Surv. Bull. 43: 1-100. pi. 1-20. 1928. 

Epling, C. Notes on the Linnean types of American Labiatae. 
Jour. Bot. 67: 1-12. Ja 1929. 

Eyster, W. H. ■Variation in size of plastids in genetic strains 
of Zea Mays . Science II. 69: 48. 11 Ja 1929. 

Farr, C. H. Studies on the growth of root hairs in solutions. 
VII. Further investigations on collards in calcium hydrox¬ 
ide. Bull. Torrey Club 55: 223-246. /. 16-18 , “My** 

2 Au 1928; VIII. Structural and intracellular features of 
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collards in calcium nitrate. 529-553. f. 1-3. i( D 1928” 
24 Ja 1929. 

Fellows, H. Some chemical and morphological phenomena 
attending infection of the wheat plant by Ophiobolus 
graminis. Jour. Agr. Res. 37: 647-661. pi. 1, 2+f. 1-4. 
“I D 1928” Ja 1929. 

Fernald, M. L. Some eastern American forms of Senecio. 
Rhodora 30: 224-226. “N” 17 D 1928. 

Fries, R. E. Zwei neue Anonaceen. Repert. Spec. Nov. 24: 
246-248. 25 My 1928. 

Includes Unonopsis Buchtienii n. sp. from Bolivia. 

Galloway, B. T. Flora W. Patterson, 1847-1928. Phyto¬ 
pathology 18: 877-879. N 1928. 

Goldstein, B. Nuclear form as related to functional activities 
of normal and pathological cells. Bot. Gaz. 86: 365-383. 
f. 1-11. 27 D 1928. 

Guterman, C. E. F. A preliminary report on mechanical trans¬ 
mission of the mosaic of Liliiim duration. Phytopathology 
18: 1025-1026. D 1928. 

Haas, A. R. & Batchelor, L. D. Relation of phosphorus 
content to shriveling of walnut kernels. Bot. Gaz. 86: 
448-455. /. 1,2. 27 D 1928. 

Haas, A. R. & Thomas, E. E. Effect of sulphate on lemon 
leaves. Bot. Gaz. 86: 345-354. /. 7, 2. 30 N 1928. 

Haasis, F. W. Germinative energy of lots of coniferous-tree 
seed, as related to incubation temperature and to duration 
of incubation. Plant Physiol. 3: 365-412. f. 1-15. 0 1928. 

Hahn, G. G. The inoculation of Pacific northwestern Ribes 
with Cronartium ribicola and C. occidentals . Jour. Agr. 
Res. 37: 663-683. f. 1-3. “1 D 1928” Ja 1929. 

Hanna, W. F. A simple apparatus for isolating single spores. 
Phytopathology 18: 1017-1021. f. 1-3 . D 1928. 

Hansen, H. N. Endosepsis and its control in caprifigs. Phyto¬ 
pathology 18: 931-938, f. 1,2. N 1928. 

Harms, H. Leguminosae americanae novae. VIII. Repert, 
Spec. Nov. 24: 209-213. 25 My 1928. 

Hayes, H. K., & Brewtoaker, H. E. Heritable characters in, 
maize. XXXIII. Sorghum tassel. Jour, Heredity 19: 
561-567. f. 17-20. D 1928. 

Heck, A. F. A study of the nature of the nitrogenous com- 
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pounds in fungous tissue and their decomposition in the soil. 
Soil Sci. 27; 1-46. pi 1+f. 1-6. Ja 1929. 

Heimerl, A. Nyctaginaceae novae a clar. E. L. Ekinan in Cuba 
lectae. Repert. Spec. Nov. 24: 225-230. 25 My 1928. 

Includes new species in Pisonia (3) and Neca (1)., 

Hein, I. Studies on morphogenesis in fungous mycelia. Bull. 

Torrey Club 55: 513-528. pi. 15, “D 1928” 24 Ja 1929. 
Hicks, G. C. Chromosome studies in the Cyperaceae, with 
special reference to Scirpiis. Bot. Gaz. 86: 295-317. pi, 
10, 11. 30 N 1928. 

Hitchcock, A. S. New species of grasses from the United States. 

Proc. Biol. Soc. Washington 41: 157-164. 15 O 1928. 

Hoagland, D. R., Bavis, A. R., & Hibbard, P. L. The influence 
of one ion on the accumulation of another by plant ceils 
with special reference to experiments with Nitella, Plant 
Physiol. 3: 473-486, f. 1-4. O 1928. 

Howe, M. A. Edward Sanclford Burgess (1855-1928). Bull. 

Torrey Club 55: 433-440. portrait. “N” 4 D 1928. 
Hubert, E. E. Relation of forest management to the control 
of white pine blister rust. Jour. Forestry 26: 892-898. 
N 1928. 

Ireland, J. C. Controlling influences in corn rot problems, Bot. 

Gaz. 86: 249-269. f. 1-3 . 30 N 1928. 

Jackson, C. V. Seed germination in certain New Mexico range 
grasses. Bot. Gaz. 86: 270-294. /. 1-5 . 30 N 1928. 
Jaeger, E. G, Finns edulis Engelm. occurs in California. Bull. 

So. Calif. Acad. Sci. 27: 91. 31 D 1928. 

Jean, F, C. Root inheritance in peas. Bot Gaz. 86: 318-329. 
/. 1-4. 30 N 1928. 

Jeffrey, E. C, Technical contributions. Bot. Gaz, 86: 456- 
467. /. 1-3. 27 D 1928. 

Includes: 1. Improved method of softening hard tissues. 2. Mass method 
of imbedding. 3. Sliding microtome for cutting hard tissues. 4. Improve¬ 
ment in use of nitrocellulose for imbedding. 5, Air pump for the field. 
Jehle, R. A,, & Hunter, H. A. Observations on the discharge 
of ascospores of Venturia inaequalis in Maryland. Phyto¬ 
pathology 18: 943-945, N 1928. 

Jenkins, A. E., & Horsfall, J. G. A comparison of two species 
of Flectodiscella . Mycologia21: 44-51. f. J, 2. 2 Ja 1929. 
Jones, F. R. Development of the bacteria causing wilt in the 
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alfalfa plant as influenced by growth and winter injury. 
Jour. Agr. Res. 37: 545-569. f. 1-10. “1 N” D 1928. 

Keene, F. ¥. Notes on the natural history of Mount Katahdin. 

Maine Nat. 8: 140-141. D 1928. 

Kemp* W. B. Genetic equilibrium and selection. Genetics 14: 
85-127. f. 1, 2. 1 Ja 1929. 

Kennedy, P. B. Goat grass or wild wheat (Aegilops triuncialis ). 

Jour. Am. Soc. Agron. 20: 1292-1296. f. 1. D 1928. 
Kenyan, F. M. G. A morphological and cytological study of 
Ipomoea trifida . Bull. Torrey Club 55: 499-512. pi. 14 + 
f. 1-13. “D 1928” 24 Ja 1929. 

Kostoff, D. Acquired immunity in plants. Genetics 14: 37-77. 
f. 1-12. 1 Ja 1929. 

Kostoff, D. Studies on callus tissue. Am. Jour. Bot. 15: 565™ 
576. pi. 37-41. “D 1928” 10 Ja 1929. 

Kiikentlial, G. Cyperaceae novae vel criticae imprimis Antil- 
laneae. Repert. Spec. Nov. 24: 298-299. 25 My 1928. 

Larsen, £. L. A new variety of Vernonia Lindheimeri. Ann. 

Missouri Bot. Card. 15: 333-334. pi. 45. 22 D 1928. 

Lee, H. A., & Martin, J. P. Oxidizing agents in sulphur to 
increase fungicidal activity. Phytopathology 18: 1026- 
1027. D 1928. 

Lee, H. A., & Pierce, W. D. Bacterial red-stripe disease of 
sugar cane in countries of the Pacific. Phytopathology 18: 
945. N 1928. 

Lewis, F. T. The shape of cork cells: a simple demonstration 
that they are tetrakaidecahedral. Science II. 68: 625- 
626. /. A 2. 21 D 1928. 

Lloyd, W. I principal! nemici delh Hevea Brasiliensis . Agr. 

Coloniale 22: 417-426. Must. N 1928. 

Long, B. Some noteworthy indigenous species new to the Phila¬ 
delphia area. Bartonia 10: 30-52. 9 Ja 1929. 
Louis-Marie (Father). The genus Trisetum in America. Rho- 
dora 30: 209-223. “N” 17 D 1928; 237-245. “D 1928” 
24 Ja 1929. 

McClelland, T. B. Studies of the photoperiodism of some 
economic plants. Jour. Agr. Res. 37: 603-628. /. 1-12. 
“15 N 1928” Ja 1929. 

McCoy, E., Higby, W. M., & Fred, E. B. The assimilation of 
nitrogen by pure cultures of Clostridium Pasteurianum 
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and related organisms. Central!). Bakt. 2 Abt. 76:314.320. 

/. L 13 D 1928. 

Mackenzie, K. K. Solidago flexicauUs and Soli dago latijolia. 

Rhodora 30: 223-224. “N” 17 D 1928. 

Mackie, J. R. Localization of resistance to powdery mildew- 

in the barley plant. Phytopathology 18: 901.-910. f. 1 . 3. 

N 1928. 

Malte, M. 0. Commercial bent grass (Agrostis) in Canada. 
Ann. Rep. Nat. Mus. Canada 1926: 105-126. pi. 14-19 . 
1928. 

Marchionatto, J. B. Fitoparasitos de la Argentina nuevos o 
poco concidos. II. Rev. Fac. Agron. Univ. Nat. La Plata 
18: 21-29. f. 1-5. J1 1928. 

Maxon, ¥. R. The identification of Poly podium triangulum L. 

Jour. Washington Acad. Sci. 18: 582-586. /. L 19 D 1928. 
Metzger, W. H., & Janssen, G. The relation of sodium nitrate 
and certain other nitrogen carriers to the development of 
chlorosis in rice. Jour. Agr. Res. 37: 589-602. “15 N 1928” 
Ja 1929. 

Molfino, J. F. Nota sinonimica de la “Artemisia vulgaris 11 de 
los autores Argentinos. Rev. Fac. Agron. Univ. Nat. La 
Plata 18: 44-47. Must. J1 1928. 

Moore, L. B. Pelvetia fastigiata. Bot, Gaz. 86: 419-434. 
/. 1-25. 27 D 1928. 

Moxley, E. A. Further notes on mosses of the Bruce Peninsula. 

Bryologist 31: 126-127. N 1928. 

Medenzu, F. Malpighiaceae— I, II, III. Pflanzenreich 4 U1 : 

1-246. /. 1-24. 28 F 1928; 247-572. f. 25 . 41. 19 Je 1928; 

573-870. /. 42-48. 27 N 1928. 

Palmer, E. J. A botanical trip through the Chisos Mountains 
of Texas. Jour. Arnold Arbor. 9: 153-173, N 1928. 
Palmer, E. J. Leaves from a collector’s note book. Jour. Arnold 
Arbor. 9: 173-187. N 1928. 

Papp, C. Monographic der Siidamerikanischen Arten der 
Gattung Melica L. Repert. Spec. Nov, 25: 97-160. 
pi 45-58. 25 N 1928. 

Pearl, R., Winsor, C. P., & Barclay, F. B. The form of the 
growth curve of the canteloup {‘Cucumis melo) under field 
conditions. Proc. Nat. Acad. Sci. 14: 895-901. /. 2. 

15 D 1928. 
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Peckham, E. A. S. Naturalistic plantings of early-flowering 
bulbs. Jour. N. Y. Bot. Gard. 30: 1-5. /. i, 2 . Ja 1929. 

Peltier, G. L. Control of bunt of wheat in Nebraska. Phyto¬ 
pathology 18: 921-929. N 1928. 

Pennell, F. W., & Wherry, E. T. The genus Chelone of eastern 
North America. BartonialG: 12-23. pi. 1-4. 9 Ja 1929. 

Pitman, E. M. A partial list of mosses found in Winthrop, 
Maine. Maine Nat. 8: 131-132. D 1928. 

Pitman, H. Notes on some of the lichens and hepatics of Win¬ 
throp, Maine. Maine Nat. 8: 133-134. D 1928. 

Popenoe, W. The mangosteen in America. Jour. Heredity 19: 
537-545. f. 6-8. D 1928. 

Porter, R. EL, Yu, T. F., & Chen, H. K. The effect of seed 
disinfectants on smut and on yield of millet. Phyto¬ 
pathology 18: 911-919. N 1928. 

Purdon, M. A. Brassavola nodosa. Orchid Rev. 36: 355-356. 
Must . D 1928. 

Quisumbing, E., & Merrill, E. D. New Philippine plants. 
Philip. Jour. Sci. 37: 133-213. pi 1-4. 0 .1928. 

Raunkiaer, C. Myxomycetes from the West Indian Islands 
St. Croix, St. Thomas and St. Jan. Dansk. Bot. Arkiv 
5 16 : 1-9. 7 N 1928. 

Reed, G. M. The inheritance of resistance of oat hybrids to 
loose and covered smut. Ann. N. Y. Acad. Sci. 30: 129- 
176. 21 My 1928. 
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A study of the genus Clarkia, with special reference to its 
relationship to Godetia 

Philip A. Munz and C. Leo Hitchcock 

During the past two years the junior author has been 
working under the direction of the senior on a revision of 
Godetia . During the progress of his study it was soon realized 
that a proper understanding of Godetia involved also the 
closely related Clarkia , especially so, since the latter name 
has priority and, if the two groups are congeneric, Godetia 
must be reduced. The present paper is written largely to 
discuss this situation. It is proposed to maintain Godetia 
as a genus, the North American species of which will be taken 
up in a separate paper by the junior author. In the present 
paper Clarkia is treated. 

In carrying on the study here reported we have had avail¬ 
able, material from: 

Gray Herbarium of Harvard University (G), 

Pomona College Herbarium (P). 

The abbreviations indicated above are used in citing specimens. 
To Dr, B. L. Robinson and Dr. I. M. Johnston of the Gray 
Herbarium we hereby acknowledge our indebtedness and 
our appreciation of the many favors rendered. To Dr. W. 
L. Jepson of the University of California we are greatly obliged 
for the loan of the type of Clarkia modesta from his private 
herbarium. 

HISTORY 

The first species of Clarkia was published by Pursh, FI. 
Am, Sept, X: 260. pi. 11, 1814, as C . pulchella , being based 
on a collection by M. Lewis from the Kooskoosky and Clark's 
rivers, opposite the present town of Kamiah, Idaho. The 
generic name Clarkia was given in honor of Clark of the 
Lewis and Clark expedition. The next species was made 
known by Douglas in LindL, Bot. Reg. 19: pL 1575. 1833; 
this was C. elegans . Later followed C. rhomboidea Doug!., 
in Hook., FI. Bor. Am. 1: 214. 1834, and other species. 

[The Bulletin for March (56:123-180) was issued 8 May 1929.] 
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Table 1. Comparison of Euclarkia , Eucharidiwm , Pkaeostoma , and Codetta 
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Eucharidium was proposed as a genus by Fischer and 
Meyer, Ind. Sem. Hort. Petrop. 2: 37. 1835, when they 
published E. concinnum. They described also E. grandi - 
florum, Ind. Sem. Hort. Petrop. 7: 48. 1840. E. Breweri 
was described by Gray, Proc. Am. Acad. 6: 532. 1865. 

The genus Phaeostoma was created by Spach, Nouv. 
Ann. Mus. Paris III. 4: 395. 1835, and under P. elegans 
were included Clarkia elegans and C. rhomboidea. 

Seringe, in D. C., Prodr. 3: 52. 1829, recognized Clarkia 
as a genus, and listed the only species known to that time, 
C. palchella. Hooker, FI. Bor. Am. 1: 214. 1834, included 

also C„ rhomboidea. Spach 1. c., restricted Clarkia to C. pul- 
chella. Torrey and Gray, FI. N. Am. 1: 515-6. 1840, recog¬ 
nized Clarkia and Eucharidium as genera, listing under the 
former: C. pulchella, C. elegans , C. rhomboidea , and C. un- 
guiculata; and under the latter: E. concinum. By them Godetia 
was included in Oenothera. Walpers, Repert. 2: 89-90. 1843, 
followed them in his generic concepts. Watson, Proc. Am. 
Acad, 8: 596-600. 1873, also included Godetia in Oenothera , 
but in 1876, in Bot. Calif. 1: 228-231, he recognized as gen¬ 
era: Godetia , Eucharidium and Clarkia. This was also the 
disposition by Raimann in Engler & Prantl, Nat. Pfianzenfam. 
3 7 : 212. 1893, Phaeostoma in both cases beng included in 
Clarkia. Leveille, Monog. Onoth. 286-289. 1908, included 
all in Oenothera, and without any proper species concept. 
In 1911 Nelson, Bot. Gaz. 52: 267, revived the use of Phaeo¬ 
stoma, placing therein not only P. elegans and P. rhomboidea , 
but also P. Xantiana. Rydberg, FI. Rocky Mts. 593. 1917, 
also recognized Phaeostoma. In 1918, Nelson and Macbride, 
Bot. Gaz. 65: 59-65, combined Godetia , Phaeostoma, Eucha¬ 
ridium, , and the old Clarkia in one genus Clarkia , and created 
the new combinations necessary for many of the species. 
For the most part, however, the recent western manuals, 
such as those by Greene, Howell, Piper, and Jepson, have- 
used two genera: Clarkia to include Phaeostoma and Eucha¬ 
ridium, and Godetia as the second. 

DISCUSSION OF GENERIC STATUS 

In the present discussion we are concerned with the four 
names mentioned in the previous paragraphs: Clarkia proper, 
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which for the purpose of clarity, we shall here refer to as 
Euclarkia, in which we include the species C. piilchella and 
C. Xantiana; Eucharidium, in which we recognize as species, 
C. concinna and C. Breweri; Phaeostoma, with C. rhomboidea , 
C. delicata , and C . elegans; and Godetia , with G. triloba, G. 
epilobiodes, etc. The whole situation can perhaps be made 
most clear by a study of table 1. . . 

It can readily be seen that characters do not vary together: 

(1) Eucharidium, Euclarkia, and Phaeostoma agree in 
having the claws from one-fifth to one-half as long as the 
petals, the filaments and anthers usually quite unequal, 
the hair within the hypanthium lacking, or forming usually 
a fairly broad band. Godetia has claw's less than one-tenth 
as long as the petals, the hair a narrow ring in the hypanthium, 
and the stamens subequal except in G . epilobioides and G. 
purpurea . 

(2) Eucharidium and Euclarkia agree in their prom¬ 
inently lobed petals, irregular corollas, epipetalous stamens 
greatly reduced or quite aborted, and anthers usually hairy 
and coiling after dehiscence. 

(3) Eucharidium stands apart in its long filiform hypan¬ 
thium, entire suppression of epipetalous stamens, long crest 
and transverse corrugations on the seeds. 

(4) Euclarkia and Phaeostoma agree in the short hypan¬ 
thium, the eight stamens, cellular pubescence and minute 
cresting on the seeds. 

(5) Phaeostoma and Godetia have little or no lobing, (ex¬ 
cept in G. biloba) , epipetalous stamens functional, and anthers 
glabrate and not greatly coiled. 

So far as we can see, these four groups represent three 
phylogenetic levels; the most primitive is Godetia , with little 
or no claws to the petals. It is most nearly related to Oeno¬ 
thera and has been included there by the earlier writers. The 
middle level is represented by Phaeostoma and, Euclarkia, 
having the seeds of Godetia and the short hypanthium, but 
representing two lines of descent, Phaeostoma related to 
Godetia epilobioides , and Euclarkia to G. biloba, The upper 
level has Eucharidium, with its long filiform calyx-tube and 
crested corrugated seeds; it is evidently related to Euclarkia 
and continues certain tendencies there established, namely, 
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irregular corolla, lobed petals, and suppression of the epipet- 
alous stamens. 

With these phylogenetic levels in mind let us consider the 
various possibilities as to generic recognition: 

(1) To recognize all four as genera. In so doing we get very 
much the same situation as has prevailed in Oenothera , of 
having a large number of none too distinct segregates with inter¬ 
gradation in so many directions as to make great confusion. 
In Phaeostoma, C.delicata and C. rhomhoidea are near Godetia 
epilobioides; Clarkia pulchella and especially C. Xantiana are 
near Godetia biloba; and C.pulchella approaches Eucharidium. 

(2) To combine Phaeostoma and Euclarkia In Clarkia , re¬ 
cognizing as other genera Eucharidium and Godetia . In many 
respects this arrangement is unsatisfactory, since Eucharidium 
and Euclarkia are evidently related, and since Phaeostoma and 
Euclarkia represent two distinct lines of descent. 

(3) To merge all four in one genus Clarkia , perhaps the most 
consistent procedure taxonomically, but one that upsets a 
nomenclature well established in horticulture, since it requires 
giving up the name Godetia. After all, on the basis of clawed 
petals two groups can easily be distinguished. 

(4) To combine Euclarkia, Eucharidium, and Godetia biloba 
In the genus Clarkia on the basis of prominently lobed petals, 
although G. biloba has a regular corolla and the others irregular 
ones; and to include Phaeostoma in Godetia , since both have 
quite entire petals. This arrangement seems quite artificial, 
separating G. biloba from its evident relative G . Dudleyana , and 
putting into Godetia Clarkia elegans with its highly specialized 
petals. Moreover this does away with the possibility of using 
a very characteristic feature, the narrow band of hair In 
Godetia , which breaks up in the others Into various forms. 

(5) To recognize two genera Clarkia and Godetia , placing 
the division between C. rhomhoidea and C. delicata on the one 
hand, and G.epilobioides on the other, C. Xantiana and C. 
pulchella on the one and G. biloba on the other. These species 
might be variously transposed, but on the basis of claw- 
length, ring of hairs in the Godetia hypanthium, as contrasted 
with a band, total lack, or hairs about the base of filaments 
in Clarkia , and on the basis of stamen development, the line 
of division between the two genera seems best so. We there- 
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fore propose following Jepson, Man. Calif. 672-9. 1925, 

among recent authors, keeping up the name Godetia in the sense 
in which it has become so thoroughly established by usage. 
It is, therefore, largely on the basis of expediency and tradition, 
that we adopt this method, since other arguments for and 
against seem to us almost equally weighty. 


Clarkia 

Clarkia , as a genus, Pursh, FI. Am. Sept. 1: 260. pi. 11. 
1814; Seringe, in DC. Prodr. 3: 52. 1829; Hooker, FI. Bor. Am. 
1: 214. 1834;Spach, Hist. Veg. Phan. 4: 392. 1835; T. & G. 
FI. N. Am. 1: 515. 1840; Walpers, Report, 2: 89. 1843; Benth. 
& Hook. Gen. PI. 1: 789. 1847; Raimann, in Engler & Prantl, 
Nat. Pflanzenfam. 3 7 : 213. 1898; Jepson, FI. W. Mid. Calif. 
277. 1911. (All references to this point do not include Eucha- 
ridium.) Greene, Pittonia 1: 140. 1887* Greene, FI. Francis- 
cana 223. 1891; Greene, Man. Bot. San Fran. Bay 136. 1894; 
Jepson, FI. W. Mid. Calif. 331-332. 1901; Jepson, Man. FI. 
PL Calif. 672. 1925. (This second group of references does in¬ 
clude Eucharidium, as well as Phaeostoma.) Clarkia , included 
in Oenothera , Leveille, Monog. Onoth. 286. 1908. Euclarkia r 
subgenus, Jepson, FI. W. Mid. Calif. 331. 1901. Phaeostoma, 
as genus, Spach, Hist. Veg. Phan. 4: 392. 1835; A. Nelson, 

Bot. Gaz. 52: 267. 1911; as a subdivision, rank not stated, 

Endlicher, Gen. PL 1192. 1840. Opsianthes , as genus, Lilja, 
FL Sverig. SuppL 25. 1840, Eucharidium , as genus, FIsch. & 
Meyer, Ind. Sem. Hort. Petrop. 2: 36. 1835; T. & G. FL N. 
Am. 1: 516; Benth. & Plook. Gen. PL 1: 790; Engler & 
Prantl, Lc.; as subgenus, Jepson, Lc. Clarkia, including all these 
groups and Godetia , Nelson & Macbride, Bot. Gaz. 65: 59. 
1918. 

Annual herbs, simple or branched above, with spieate in¬ 
florescence and nodding or reflexed buds. Hypanthium short 
or greatly elongated; calyx-lobes distinct or united in anthesis. 
Petals distinctly unguiculate, daws at least one-sixth as long 
as blades; blades simple or lobed, pink to lavender or purplish. 
Stamens 4 and alternate with the petals, or 8, with the epipeta- 
lous ones shorter than the alternate and sometimes not func¬ 
tional. Anthers linear, fixed near the base. Stigma four-lobed, 
the lobes lance-linear to suborbicular. Capsule linear or at¬ 
tenuate above, 4-celled, usually 4-angled (at least when dried). 
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Seeds in one row in each cell, cellular-pubescent and with the 
cresting reduced, or not pubescent but with minute transverse 
corrugations and with conspicuous cresting. 

Type species, Clarkia pulchella Pursh, 

KEY TO SPECIES 

Blade of petal lobed; corolla slightly irregular; anthers usually ciliate-villous. 
Hypanthium 15-30 mm. long; stamens 4; seeds not cellular-pubescent, 
but transversely corrugated, and with conspicuous cresting. 

(Subgenus Eucharidium (F. & M.) Jeps.) 

Filaments club-shaped toward tips; anthers not coiling after dehis¬ 
cence; middle lobe of petal much narrower than lateral ones; 

stigma lobes lance-linear, 3 mm. long.7. C. Breweri 

Filaments flattened but mot club-shaped; anthers coiling after 
dehiscence; middle lobe of petals at least as wide as lateral 

ones; stigma lobes rounded, ca. 1 mm. long.6. C. concinna 

Hypanthium 2-4 mm. long; stamens 8; seeds cellular-pubescent, minutely 

crested.(Subgenus Euclarkia Jeps.) 

Petals bilobed with subulate tooth at base of sinus; short stamens 
functional; hypanthium with ring of hairs within. California, 

from Kern County to Los Angeles Co.4. C. Xantiana 

Petals 3-Iobed, lobes about equal; shorter stamens not functional; 
hypanthium without ring of hairs within. British Columbia to 

Montana and Oregon.5. C. pulchella 

Blade of petal not lobed, although occasionally with small teeth on the claw; 

corolla regular; hypanthium 1-4 mm. long; stamens 8, anthers 
glabrate; seeds cellular pubescent, scarcely crested 

(Subgenus Phaeostoma.) 1 
Hypanthium without band of hairs or scales within; anthers curling 
slightly after dehiscence; blade of petal about as long as claw, 
the latter very slender. Mostly from coastal California, the 

length of the state.3. C. elegans 

Hypanthium with band of hairs within or with scales at summit; anthers 
not curling after dehiscence; blade of petal 2-4 times the length 
of the rather broad claw. 

Calyx-lobes distinct in anthesis; scales present at base of filaments; 
capsule pedicelled; petals purplish. California, mostly from the 
interior, east to Arizona and Utah, and north through interior 

Oregon and Washington...2. C. rkomboidea 

Calyx-lobes united in anthesis; no scales on filaments, but band of 
hairs within the hypanthium; capsule nearly sessile; petals 
pinkish. E. San Diego Co., California.1. C. delicata 

1 Phaeostoma (Spach) Munz & Hitchcock, n. subgenus. Phaeostoma , as 
genus, Spach, Hist. Veg. Phan. 4: 392. 1835. 
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TREATMENT OF SPECIES 

1. Clarkia delicata (Abrams) Nels. & Macbr. Bot. Gaz. 
65: 60. 1918.— Godetia delicata Abrams, Bull, Torrey Club 32 : 
539. 1905;Jepson, Univ. Calif. Pub. Bot. 2: 352. 1907, 

Simple to sparingly branched from the middle; stems 3-5 
dm. tall, nearly glabrous; leaf-blades narrowly to broadly 
lanceolate, remotely to rather sharply denticulate, 2-5 cm. 
long, 0.3-1 cm. wide, acute to blunt, borne on very slender peti¬ 
oles 5-15 mm. long; flowers in long loose spike; inflorescence 
strigillose; buds nodding, obovoid, 5-10 mm. long; hypanthium 
1-3 mm. long, with a band of hairs on upper half of inner sur¬ 
face; calyx-lobes united in anthesis, green or tinged reddish; 
petals spatulate, 1-1.5 cm. long, 5-7 mm. broad, the blade 
rose-pink, 2-3 times as long as the rather slender whitish daw; 
stamens 8, in two unequal sets; filaments filiform, the shorter 
epipetalous ones varying from three-fifths to nearly as long as 
longer ones; longer ones about half as long as petals; anthers 
glabrate, those of longer set reddish, 4-6 mm. long, tips very 
slightly recurved after dehiscence, shorter ones 2-4 mm. long, 
whitish, recurved after dehiscence; style equaling longer fila¬ 
ments; stigma-lobes rounded, 1-1.5 mm. long, equally broad, 
whitish; capsule 1.5-2.5 cm. long, 1.5-2.5 mm. thick, somewhat 
4-angled when dry, nearly sessile, slightly beaked; seeds brown, 
cellular-pubescent, oblique-prismatic, 0.75 mm. long, not evi¬ 
dently crested. 

Type locality, between Campo and Potrero, San Diego 
Co., California. Material seen,— California, San Diego Co.: 
shady slope between Campo and Potrero, Abrams 3710 , type 
coll. (C, 2 P, Stanford); San Felipe Creek, Keck and Me Cully 
104 , in 1925 (P); Barrett Dam, Munz 8020 (P); Descanso 
T. S, Brandegee , May 24 , 1906 (C), K . Brandegee , June 19, 
1906 (C); top of grade, Descanso, K. Brandegee in 1906 (C); 
Ramona Ranch, T. S. Brandegee in 1906 (C); Potrero Grade, 
Munz 9496a in 1925 (P). Originally described under Godetia , 
this species quite breaks down any technical or adequate dis¬ 
tinction between Clarkia and Godetia , but the spatulate char¬ 
acter of the petals, the distinctness of the two sets of stamens, 
and the length of the claw are characters appertaining to Clarkia , 
Unpublished notes left by Mrs. Brandegee suggest concerning 
this plant: Tt has the appearance of a hybrid Cl.rhomboidea ? 

2 C, abbreviation for University of California Herbarium, this material 
having come in a loan of Godetia . 
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X G. epilobioides and is in appearance nearer the latter/ To 
our wayof thinking, it is a distinct species of rather local but 
natural range. We feel that enough collections have been made 
and over a period of enough years and from enough territory to 
preclude the possibility of its being a hybrid, especially since 
the characters exhibited are quite consistent. It is no doubt 
closely related to Godetia epilobioides, and represents probably 
an evolutionary step toward the more highly specialized 
Clarkias. 

2. Clarkia rhomboidea Dough, in Hook. FI. Bor. Am. 
1: 214. 1834.— C.rhomboidea in T. & G. FI. N. Am. 1: 516. 

1840; Nels. & Macbr. Bot. Gaz. 65: 63. 1918. Phaeostoma 

rhomboidea A. Nels. Bot. Gaz. 52: 267. 1911. Oenothera rhom¬ 
boidea of Leveille, Mon, Onoth. 287. 1908, in part. Clarkia 
gauroides Dough, ex Sweet, Brit. FI. Gard. sen II, pL 379. 
1837. Opsianthes gauroides Lilja, Fh Sverig. Supph 25. 1840. 
Phaeostoma Douglasii Spach, Nouv. Ann. Mus. Paris III. 4: 
395. 1835, in part. Godetia latifolia Nels. & Kennedy, Proc. Biol. 
Soc. Washington 19: 156. 1906. 

Plant simple or with few branches; stems 2-11 dm. tall, 
finely pubescent; leaves few, in well separated, almost opposite 
pairs, with a few secondary much reduced ones In the axils, 
upper ones single; blades lance-ovate to ovate-oblong or elliptic, 

2- 7 cm. long, 0.5-2 cm. wide, acute or blunt, entire or remotely 
denticulate, glabrate to finely pubescent, on slender petioles 
1-3 cm, long; inflorescence rather sparsely strigillose; flowers 
borne in very few-flowered elongated spikes: buds nodding, ca, 
1 cm. long, green; hypanthium 1-3 mm. long, obconic, bearing 
scales and white hairs at base of filaments; calyx-lobes green, 
generally distinct in an thesis; petals 5-10 mm. long, 3-6 wide, 
rose-purple, often lighter at base, sometimes dotted with 
purple; blade elongated rhomboidal, 2-4 times as long as the 
rather broad claw which is sometimes rather inconspicuously 
lobed or toothed at base; stamens unequal; filaments filiform, 

3- 5 mm. long, the longer ones bearing a slender hairy scale at 
base, the shorter ones half or nearly as long and with a shorter 
broader scale; anthers 2-4 mm. long, glabrous; style equaling 
longer filaments; stigma lobes rounded, ca. 0.5 mm. long, white 
to purple; capsules 1-3 cm. long, 2-4 mm. thick, 4-angled when 
dry, narrowed abruptly to a beak l-4mm. long, and borne on 
pedicels 1-4 mm. long; seeds brown, densely cellular-pubescent, 
prismatic, 1 mm. long, with a thickened ridge at the summit, 
cresting almost lacking. 
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Type locality, 'From the Great Falls of the Columbia to 
the Rocky Mountains, 5 collected by Douglas. Representative 
of the material studied,— Washington: Wenatchee region, 
j Brandegee 780 (G); Spokane, Kreager 601 (G).— Oregon: Fare¬ 
well Bend, Crook Co., Leiberg 482 (G,P) ; Blue Mts., Grant Co., 
Henderson 5634 (G); Eola, Polk Co., Nelson 4309 (G).— Idaho: 
Ketchum, Blaine Co., Nelson Macbride 1262 (G,P); Silver 
City, Owyhee Co., Macbride 379 (G) ; Pine Creek Valley, Latah 
Co., Heller 526 (G,P); Rush Creek, Washington Co., Jones in 
1899 (P);— Utah: East Bountiful, Clemens in 1908 (G); City 
Creek Canyon, near Salt Lake City, Jones 1838 (P).— Nevada: 
Spooner, Douglas Co., Baker 1138 (G,P); Carson City, Jones in 
1897 (P).— Arizona: Santa Catalina Mts., Pringle 269 (G).— 
California: between Clear Creek and Paradise, Butte Co., 
Heller & Brown 5537 (G) ; Lakeport, Lake Co., Munz 9876 (P); 
Yosemite Valley, Mariposa Co., Abrams 4425 (G,P); Soda 
Springs, Nevada Co., Jones in 1881 (G,P); Kern River Canyon, 
Kern Co., Abrams in 1900 (P); Carmel River, Monterey Co., 
Clemens in 1910 (P); Los Angeles Co., Oakgrove Canyon, 
Abrams b° McGregor 341 (G,P); San Antonio Canyon, San 
Gabriel Mts., Johnston 1404 (P); Forest Home, San Bernardino 
Co., Feudge 196 (P); Idylhvild, Riverside Co., Spencer 1367 
(G P), Keen Camp, Munz 5771 (P) ; Mesa Grande, San Diego 
Co., Spencer 1155 (G,P); Vallecito Canyon, Laguna Mts., 
Munz 9712 (P); Sierra Valley, Sierra Co., Hamlin in 1904, 
type of Godetia latifolia (Nevada Exper. Sta.). 

Clarkia rhomboidea has an unusually wide distribution, rang¬ 
ing from the interior of the Pacific States and adjacent Canada 
to the Black Hills of South Dakota, and to Arizona. Through¬ 
out its range it remains fairly constant, the chief variation 
being in the amount of the pubescence. 

Greene’s C. virgata , Erythea 3: 123. 1895, based on col- 

fections from Sonoma Co., California by Bioletli, and Amador 
Bo** by Hansen , was characterized as ‘cinereously puberulent 
throughout, 5 ‘with long suberect, virgate branches rather 
densely floriferous throughout, 5 by rather thick, oblong-lanceo¬ 
late leaves, and slender, scarcely incurved capsules. Material 
that fits this description is: irishtown, Amador Co., Hansen 
528, July 28, 1895 (P); and Agricultural Station, Amador Co., 
Hansen 528 , July 1893 (G). A collection from Spooner, 
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Douglas Co., Nevada, Baker 1138 (P), approaches these. The 
various characters assigned by Greene are so variable, and the 
entity so minor a thing that it does not seem worthy even of 
varietal rank, but may be regarded as G. rhomboldea forma 
virgata (Greene) Munz & Hitchcock, n. comb. 

3. Clarkia elegans Dough, in Lindh Bot. Reg. 19: pi. 
1575 . 1833. C.elegans in T. & G. FI. N. Am. 1: 515. 1840. 
Phaeostoma elegans Lilja, FI. Sverig. Suppl. 25. 1840; A. Nels. 
Bot. Gaz. 52: 267. 1911. Oenothera elegans of Leveille, Monog. 
Onoth. 289, 1908. Clarkia unguiculata Lindh Bot. Reg. 23: 

pi. 1981. 1837; T. & G. FI. N. Am. 1: 516. 1840. Phaeostoma 
Douglasii Spach, Nouv. Ann. Mus. Paris III. 4: 395. 1835, in 
part. Clarkia Eiseniana Kell. Proc. Calif. Acad. 7: 94. 1877. 

Plants simple or branched, 2-8 dm. tall; stems glabrous, 
glaucous; leaves gradually reduced up the stem; leaf-blades 
lanceolate to lance-ovate, 2-5 cm. long, 0.3-2 cm. wide, acute, 
remotely denticulate, glabrous, sometimes glaucous, sessile or 
narrowed into winged petioles 2-7 mm. long; inflorescence pu¬ 
bescent to glandular and pilose, especially the ovaries and 
calyces; flowers borne in long, loose spikes; buds deflexed,but 
not nodding, 1.5-2.5 cm. long; hypanthium 2-4 mm. long, 
campanulate, with a ring of hairs within about half way from 
the base, as well as additional hairs at the base of the stamens; 
calyx-lobes united in anthesis, often free at base in bud; petals 
rose to purple, 1-2 cm. long, 0.4-1 cm. wide, the blade deltoid- 
rhomboidal, about equal to very narrow claw; stamens in two 
sets, unequal; filaments 3-7 mm. long, the epipetalous ones the 
shorter and somewhat flattened, the alternate ones about as 
long as the petal-claws; anthers unequal, scarcely curling after 
dehiscence, alternate ones 6-8 mm. long, red or bright yellow, 
epipetalous ones 3-4 mm. long, white or pale yellow; style 
equaling or slightly shorter than longer stamens; stigma lobes 
short, rounded, 1-1.5 mm. long and about as broad, yellow; cap¬ 
sule 1-2.5 cm. long, ca* 2 mm. thick, sessile, beakless or almost 
so, usually glandular and pilose, but sometimes nearly glabrous, 
strongly curved to nearly straight; seeds brown, 1 mm. long, 
cellular-pubescent, possibly even glandular, angled on sides, 
with cresting very inconspicuous. 

Type locality, California, based on material collected by 
Douglas. Representative of material studied,— California: 
without locality, Douglas , probably type material (G) ; Oroville, 
Heller 10767 (G); Mendocino Co., Ukiah, Eastwood 3404 (G); 
Alpine School House, San Mateo Co., Elmer 4293 (P); Napa, 
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Napa Co., Dwight in 1899 (G); Knight's Ferry, Sacramento 
Co., Bigelow in 1853-4 (G); Stanford University, Abrams 1655 
(F); Santa Cruz, Jones 2255 (P); Ft. Tejon, Kern Co., Abrams 
& McGregor 307 (G,P); San Luis Obispo, Palmer 147 (G); 
Santa Monica Mts., Abrams 1711 (P); Azusa, Gordon (P); 
Valley Center, San Diego Co., Fendge 1712 (P); San Luis Rey, 
Street (P). 

Individual specimens of this species are often diffcult to dis¬ 
tinguish from C. rhomboidea, so far as length of claw and petal- 
shape are concerned, although in the more typical condition 
and in well pressed specimens the characters are well marked. 
On the whole, C. elegans can be told by its campanulate rather 
than obconic hypanthium, united calyx-lobes, smoother glau¬ 
cous stems, ovaries and buds usually with long spreading hairs, 
its more slender capsules, its longer stigma lobes, and the ex¬ 
panded hairy base of the epipetalous filaments rather than 
the presence of hairy scales at their base. C. elegans tends too, 
to have more and narrower leaves than does C. rhomboidea and 
they are less apt to be opposite. 

For the most part, variation within this species is not suffi¬ 
cient to need special comment. There is a tendency, however, 
in some plants to lose much of the pilosity of the ovaries and 
buds; as examples may be cited: Kern River Canyon, Abrams 
11990 and 12009 (P); Big Sandy Creek, Fresno Co., McDonald 
in 1915 (G); Three Rivers, Tulare Co., Culbertson 4208 (P). 
In some of these cases the same plant, in others, different plants 
in the same collection, may show no pilosity or a considerable 
development of it. 

We have seen no authentic material of Kellogg's C. Eisen - 
iana but the rather full description makes it seem quite certain 
that his plant was C. elegans . The long slender claw, the slender 
sessile capsule, and the 'hirsute* condition of the calyx-tube 
and calyx make this quite certain. We agree, therefore, with 
Mrs. Curran in reducing it to synonymy, Bull. Calif. Acad. 
I: 137. 1885. 

4. Clarkia Xantiana Gray, Proc. Bost. Soc. Nat. Hist. 
7: 145. 1859-61. Phaeostoma Xanthiana A. Nels. Bot. Gaz. 
52: 267. 1911. Clarkia parvifiora Eastw. Bull. Torrey Club 
30: 492. 1903. Phaeostoma parvifiora A. Nels. he. 
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Simple or sparingly branched from near middle; stems 2-7 
dm. tall, glaucous in appearance especially on lower portions 
where exfoliation of epidermis occurs, upper portions minutely 
strigillose; leaf-blades narrowly to broadly lanceolate, acute, en¬ 
tire to denticulate, sessile or with short petiole, finely pubescent 
to glabrate; inflorescence grayish-strigillose, flowers borne in a 
long loose spike; buds deflexed, 1-2 cm. long, tipped with a 
slender point 1-2 mm. long; hypanthium 2-4 mm. long, with¬ 
out scales but with a broad band of hair within; calyx-lobes 
7-15 mm. long, usually united in anthesis, grayish green; 
corolla 'irregular, the two lower petals turned aside, the curved 
style protruding through the opening thus made’; petals la¬ 
vender to rose, often with large spot of crimson or purple at base 
of blade, petals 1-1.5 cm. long, 0.6-1 cm. wide, cuneate, bilobed 
with small subulate tooth at base of V-shaped sinus, the lobes 
ca. | the length of the whole petal, the claw broad, 3-4 mm. long; 
stamens 8, in 2 unequal sets, longer ones almost equal to 
petals, shorter ones ca. half as long; filaments subfiliform; 
anthers of longer set 4-7 mm. long, purplish, sparsely ciliate, 
those of shorter set 1.5-3 mm. long; style equaling petals, la¬ 
vender or yellow; stigma-lobes short, rounded, 1-1.5 mm. long, 
yellow to purple; young ovaries deflexed; capsules erect, 
straight or curved, 4-angled, 1.5-3 cm. long, with beak ca. 
1 mm. long or sometimes lacking, sessile or nearly so; seeds 
brown, obliquely cylindric, 1.5 mm. long, minutely cellular- 
pubescent, somewhat crested at angles. 

Type locality, Fort Tejon, Kern Co., Calif. Material seen,— 
California: Kern Co., Ft. Tejon, Xantus de Vesey 31 , type 
(G), Hall 6306 (G,P), Parish 1898 , in part (G), Abrams b° Mc¬ 
Gregor 306 (G); Tehachapi, Curran in 1884 (G); Kern River 
Valley, Coville Funston 1060 (G); Kern River Road, 15 mi. 
from Bakersfield, Peirson 7302 (P); Erskin Creek, Pur pus 
5538 (G); Big Rock Creek, Los Angeles Co., Munz 6879 (P), 
Peirson 7300 (P); Antelope Valley, Oliver in 1884 (G); Cuca¬ 
monga Mts., San Bernardino Co., S. B . W. F. Parish 952 (G). 

The plants cited from the type region have somewhat 
larger flowers than those from the San Gabriel Mts. and from 
the Kern River region. It was apparently for these somewhat 
smaller flowered plants from the last named region that Miss 
Eastwood proposed the name C. parviflora . There is also con¬ 
siderable variation in the size and presence of the 'eye* on the 
petals, plants from the San Gabriel Mts. and even some from 
the type locality (Hall 6306) lacking it entirely. 
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5. CLARK! a pulchella Pursh, FI. Am, Sept. 1: 260. pi. 
11. 1814. C. pulchella in T. & G. FI. N. Am. 1: 515. 1840; 
Spach, Nouv. Ann. Mus. Paris III. 4 : 396. 1835; Nelson & 

Macbride, Bot. Gaz. 65: 62. 1918. Oenothera pulchella of 

Leveille, Monog. Onoth. 288. 1908. Clarkia elegans Poir. 

in Diet. Sci. Nat. 9: 355. 1817. 

Plant simple to diffusely branched, 10-50 cm. tall; stems and 
inflorescence finely pubescent to strigillose, very leafy; upper 
leaves not much reduced; leaf-blades linear-lanceolate to spatu- 
late, sessile or with petiole as much as 1 cm. long, entire or 
remotely denticulate, 2-7 cm. long, 0.2-1 cm. wide, acuminate 
to acute or lower ones obtuse; flowers in a short crowded spike 
which elongates in fruit; buds nodding, 1-2 cm. long, green to 
lavender, usually tipped with slender point 1-2 mm. long; 
hypanthium 2-3 mm. long, lavender, without hairs within; 
calyx-lobes usually united in an thesis, 1-1.5 cm. long, lavender; 
petals orbicuiar-obovate in outline, lavender to purple with 
lighter veins, 1.5-3 cm. long, 1-2.5 cm. wide, 3-lobed, the 
lobes 6-10 mm. long, about equal In length, but with middle 
one usually wider than lateral ones, claw quite narrow, one- 
third to one-half as long as blade, with a divaricate tooth on 
each side about one-third way from base, stamens 8, in two 
sets, the epipetalous ones small, scarcely if at all functional 
without scales at base, the longer ones 3-8 mm. long with 
erect sparsely pubescent scale at base; anthers yellow, coiling 
after dehiscence, longer ones 3-5 mm. long, shorter ones one- 
fourth as long; style equaling to slightly exceeding longer sta¬ 
mens; stigma lobes rounded, 1-3 mm. long, whitish; capsule 
1-2.5 cm. long, scarcely beaked, straight to strongly curved, 
8-ribbed, grooved on each face, appearing square when dried, 
borne on pedicel 3-10 mm. long; seeds brown, cellular- 
puberulent, depressed, oblique, not angled, 1 mm. long, with 
minute cresting. 

Type locality, 'Opposite the town of Kamiah, Idaho/ on 
the Kooskooskee River. Representative of material seen,— 
British Columbia: near Int. Bound., between Kettle and 
Columbia Rivers, Macoun 64,602 (G,P).— Washington: Spo¬ 
kane, Kreager 15 (G); Colfax, Jones in 1911 (P); Pullman, 
Eastwood 13142 (P).— Oregon: Portland, Jones in 1902 (P); 
Mt. Hood, Jones in 1897 (P); the Dalles, Davidson in 1885(F).— 
Idaho: St. Mary's River, Leiberg 1090 (G,P); Moscow, Abrams 
713 (P); Boise City, Wilcox In 1881 (G).— Montana: Big 
Fork, Jones 8401 (P); Evaro, Jones in 1909 (P); Ravalli, Jones 
in 1909 (P)— South Dakota: Black Hills, Forwood in 1887 
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(G). Introduced into the eastern United States, as, Vermont: 
Rochester, Dutton in 1914 (G).— Massachusetts: Lexington, 
Piper 3230 (G). 

6. Clarkia concinna (F. & M.) Greene, Pittonia 1: 140. 
1887 .—Eucharidium concinnum Fisch. & Meyer, Ind. Sem. 
Hort. Petrop. 2: 37. 1835; T. & G. FI. N. Am. 1: 516. 1840. 
Eucharidium grandiflorum F. & M. Ind. Sem. Hort. Petrop. 
7: 48. 1840. Clarkia grandiflora Greene, FI. Francisc. 223. 

1891. 

Plant simple to freely branched, 1.5-4 dm. tall; stems glab- 
rate below and strigillose toward summit; leaf-blades lance- 
ovate to broadly elliptic, 1.5—5 cm. long, 0.3-2 cm. broad, acute 
to blunt, nearly entire, borne on slender petioles 0.5-2 cm. long, 
glabrate; flowers in upper axils often crowded; buds usually 
nodding, purplish or green, 1-2 cm. long exclusive of hypan- 
thium, tipped with a very short point; hypanthium 1.5-2.5 
cm. long, very slender, scarcely widened at summit, slightly 
swollen at base, yellow to purple, finally pubescent within, es¬ 
pecially at base of filaments, but without scales or band of long 
hairs; calyx-lobes reddish, sometimes green, 1-2 cm. long, united 
at tips in anthesis, lower half of the inner surface orange to red, 
terminal portion reflexed; petals 1.5-3 cm. long, 1-1.5 cm. wide, 
deep pink to rose lavender, purplish on drying, central portion 
paler, blade about twice as long as claw, three lobed, central 
lobe spatulate to obovate and slightly exceeding lateral lobes in 
length and width, ‘the three upper petals approximate, the 
fourth slightly declined’; stamens 4, alternate with petals; 
filaments slightly flattened, not dilated at base, 5-7 mm. long, 
lavender or purple; anthers 3-4 mm. long, purplish, ciliate- 
villous, curled after dehiscence, 'upper anthers extrorse, lower 
anthers introrse, the opening of all thus facing upper lip of 
corolla’; style equaling stamens; stigma lobes ca. 1 mm. 
long, equally broad; capsules 1.5-2.5 cm. long, 1.5-2.5 mm. 
thick, 4-angled when dried, sessile or on short pedicels, tapered 
gradually to a beak 1-3 mm. long; seeds minutely transversely 
corrugated, ca. 2 mm. long, flattened, with very prominent 
cresting. 

Type locality, Ft. Ross, California. Representative ma¬ 
terial,— California: Hupa Indian Reservation, Mendocino 
Co., Chandler 1325 (G); Kenwood, Sonoma Co., Michener 
Bioletti in 1893 (P); near Alder Springs, Glenn Co., Heller 
11457 (G); Vaca Mts., Napa Co., Jepson in 1891 (G); Lake- 
port, Lake Co., Munz 9871 (P) ; Berkeley, Alameda Co., 
Blankenship in 1892 (G); Oakland, M . E. Jones in 1881 (P); 
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Bolinas Ridge, Marin Co., Palmer 2407 (P); Steven Creek, 
Santa Clara Co., Pendleton 755 (P) ; Santa Barbara Co., Torrey 
94 (G). 

So far as we can judge, C.grandiflora falls well within the 
natural variation occurring in a fairly large number of speci¬ 
mens of C. concinna . 

7. Clarkia Breweri (Gray) Greene, Pittonia 1: 141. 
1887.— Encharidium Breweri Gray, Proc. Am. Acad. 6: 532. 
1865. Clarkia Saxeana Greene, Pittonia 1: 140. 1887. 

Simple or branched, 10-20 cm. tall, stems finely pubescent; 
leaf-blades lanceolate to oblong-lanceolate, 2-4 cm. long, 0.3- 
0.6 cm. wide, acute, entire, glabrate, on petioles 5-10 mm. 
long; inflorescence sparsely strigillose, flowers few; buds nod¬ 
ding, 1-2 cm. long, greenish, abruptly narrowed to a point 
1-3 mm. long; hypanthium 2.5-3 cm. long, conspicuously 
swollen at juncture with ovary, finely pubescent within but 
lacking scales or band of hairs; calyx-lobes reddish or green, 
united in anthesis; corolla rose-pink, irregular, the two lower 
petals bent downward, each petal strongly obcordate with the 
central lobe merely a spatulate appendage from the sinus and 
one-third to one-fourth as wide as the lateral lobes, petals 1.5™ 
2.5 cm. long, almost as wide, the sinus 4-6 mm. deep, claw 
3-4 mm. long; stamens 4, equal, alternate with petals; filaments 
1-1.5 cm. long, somewhat flattened and greatly dilated at 
summit; anthers 4-7 mm. long, conspicuously ciliate-villous, 
lavender or red, erect, not coiled after dehiscence; style equal¬ 
ing or slightly exceeding stamens; stigma lobes lance-linear, 
3 mm. long, ca. 1 mm. broad; capsule 2-3.5 cm. long, 2-3 mm. 
thick, tapering to a slender beak 2-4 mm. long, sessile; seeds 
3 mm. long, not pubescent, but conspicuously transversely 
corrugated, brown, flattened, with very prominent cresting. 

Type locality, ‘dry summit of Mount Oso, at elevation of 
about 3200 ft.’ in Stanislaus Co., California. Material seen,— 
California: headwaters of the San Benito River, San Benito 
Co., Hall 9939 (P); Emmett to Panoche Pass, San Benito Co., 
Abrams Q? Borthwick 7903 (P); Mt. Oso, Stanislaus Co., Brewer 
1247, type (G); Cerro Bonita Mine, Panoche, Fresno Co., 
Gilmore in 1878 (G); Geysers, Napa Co., Dr . Saxe , type material 
of C. Saxeana (G). 

The two remarkable features of this species are the clavate 
filaments and the narrow median lobe of the petals. Greene's 
description of C. Saxeana fits C, Breweri , and authentic material 
at the Gray Herbarium which was sent in 1888 to Dr. Watson 
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by Mrs. Curran from the California Academy Herbarium makes 
the identity of the two species certain. 

UNCERTAIN OR EXCLUDED SPECIES 

1. Clarkia modesta Jepson, Man. Calif. 673. 1925. The 
type of this species from Waltham Creek, San Carlos Range, 
California, Jepson 2690, has been loaned us through the kind¬ 
ness of Professor Jepson. It agrees perfectly with Heller 11458 
from ten miles east of Alder Springs, Glenn Co. (G), in the shape 
of petals, stamens, ring of hair in uppermost portion of hypan- 
thium, slender capsules, and all other features so far as we can 
discover. The Heller collection and other plants from central 
California, such as: Bigelow in 1853-4 from Knight’s Landing, 
Sacramento Co. (G); Congdon in 1895 from Lewis, Mariposa 
Co. (Stanford); and K . Brandegee from Antioch, Contra Costa 
Co. (Stanford) are being referred to Godetia epilobioides in the 
paper by the junior author. From some material of G . epilo¬ 
bioides they differ in the somewhat narrower pink petals, but 
in the southern part of the range every degree of intergradation 
has been found. The claw is no longer than on the broader 
petals of typical G. epilobioides. 

2. Gauropsis lancifolia Presl, Epim. Bot. 219. 1849, 

from Mexico was referred by Leveille, Monog. Onoth. 287. 
1908 to his Oenothera rhomboidea (Clarkia rhomboidea Dough). 
So far we have been unable to get material or information which 
enables us to arrive at any decision concerning Gauropsis 
lancifolia . 

Pomona College 

Claremont, California 




Notes on the marine algae of Florida 

Wm. Randolph Taylor 
(with two text eigures) 

In closing the manuscript of his report upon the Florida 
marine algae the writer (1928) felt that he had incorporated 
the great majority of the species which could confidently be 
assigned to the state, and that the catalog was essentially 
complete. However, there remained a considerable number of 
reports that seemed inadequately confirmed or otherwise im¬ 
probable, and the further possibility that a search of the scat¬ 
tered literature on the algae of South America and the Carib¬ 
bean Sea might yield others. The labor involved in searching 
upwards of 150 papers bearing directly upon this territory for 
possible Florida records would not soon have been justified had 
not a very considerable amount of undetermined West Indian 
and Brazilian material come into the writer’s hands for study. 
This forced him into the preparation of a catalog of the algae 
of the entire western tropical Atlantic Ocean, and naturally 
brought to light some previously unconsidered Florida reports. 
While very few of these are to be accorded much confidence, 
it is distinctly worth while to bring all of them together and to 
indicate their probable importance to the catalog of the algae 
of the state. The additions are not so much directly derived 
from earlier publications as from comparatively recent and im¬ 
portant papers, items from which were withheld from the origi¬ 
nal Florida report for various reasons. Eighteen names are 
here definitely added to the flora, giving a total of 478 different 
algae, of which 62 are forms and varieties of species also pre¬ 
sent in the typical condition. In addition consideration is given 
here to 28 names which do not appear to be sufficiently well 
known (as representing Florida plants) to justify inclusion at 
this time, but which cannot be reduced to synonymy. 

The Guadeloupe flora has long been held to be by far the 
richest recorded for the West Indies or Indeed anywhere near 
the Atlantic coast of the Americas. That this impression is far 
from correct has long been clear to the writer. While thoroughly 
studied In the field, the flora as represented by the catalog of 
Maze & Schramm (1870-77) involves so many obsolete names, 
nominci nuda, and incorrect determinations that it cannot now 
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be accepted as presented. It appears that somewhat over 250 
species well recognized in the West Indies can be directly 
associated with names they use. In addition somewhat over 
290 species names are doubtful, since inadequately confirmed in 
the literature, but have not been reduced to synonymy under 
the familiar West Indian species. The distinctions between 
these groups being at present largely based on the writer’s 
personal opinion, the relative numbers are subject to change. 


Fig. I. Habit of typical specimen of Hydrocoleum penicillatum , X0.95. 
The more delicate filaments which extend beyond the general mucous mass 
of the erect branches of the thallus do not appear distinctly in the reproduction. 

The rest of their nearly 800 marine algal names (excluding dia¬ 
toms) are either reduced to synonymy or (in a small proportion) 
apply to varieties and forms also represented by the typical 
condition. In comparison with the Florida flora of nearly 420 
well authenticated species we have a Guadeloupe flora of 
about 250 species very probably present, and a residue of about 
290 names from which additions will be possible when a review 
of the original material allows accurate disposition of the re¬ 
cords to be made. The descriptions of new species are too inad- 
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equate to be of much assistance, and many of the records are 
very improbable indeed. At the time of the preparation of the 
Florida algae report it was not possible to analyze suitably the 
Guadeloupe records, so this opportunity is taken to point out 
the present state of our knowledge. As was indicated there, the 
recorded algal flora of none other of the West Indies appears as 
rich as the coast of Florida. 

The writer desires to express his indebtedness to Dr. M. A. 
Howe of the New York Botanical Garden for much kind as¬ 
sistance and for access to the algal collections of the Garden. 
The herbarium of John Hooper was examined for Florida 
algae through the kindness of the Brooklyn Botanic Garden. 



Fig. 2. Apex and more median portions of trichomes from Hydrocoleum 
penicillatum , X900, approx. As prepared from dried material, the sketch prob¬ 
ably overemphasizes the degree of constriction of the trichome at the cell 
junctures. 

ADDITIONAL RECORDS 

Hydrocoleum penicillatum n. sp. Plant forming an ex¬ 
panded layer, little colored, mucous but including calcareous 
sediment or perhaps partly calcified; from this arise abundant 
fasciculate projections usually about 3.0 cm., but reaching 5.0 
cm. tall and 2.0 mm. in diameter, simple or with 1-10 main 
branches, mucous and pale below, above increasingly pilose 
with dark brown-violet filaments, the ends more or less penicil- 
late and attenuate; trichomes 9.5— ( 11 J ) —14.3m in diameter, 
cells 1.9— (2.8) —3,8m long; trichomes obviously calyptrate, 
calyptra depressed rounded and pale straw color to nearly 
colorless; trichomes hardly capitate, slightly tapered near the 
apex which is nearly straight, slightly constricted at the trans¬ 
verse walls which are inconspicuously and rarely granulated; 
sheaths hightly confluent, the individual ones hardly recog¬ 
nizable. (Figs. 1, 2„) 
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The above description was based upon dried material moist¬ 
ened with lactic acid and glycerine before mounting in. water for 
microscopic study. Since the limits of the sheaths could not be 
made out clearly, no decision could be reached as to the number 
of the filaments within a sheath. There was noted a strong ten¬ 
dency toward a longitudinal fracture of the filaments which 
did not disappear on soaking, and this gave a confusing im¬ 
pression of trichome diameter until recognized from the exact 
correspondence of the transverse walls on opposite sides of the 
split and the relation to the apical region of the filament. In 
the central portions of the mounts the material appears to have 
dried somewhat too slowly and there was discharged onto the 
paper a brilliant pink pigment, leaving the specimens bright 
green. This is, of course, not unusual in Myxophyceae which 
contain pink pigments. In Ilydrocoleum this plant would come 
nearest to II. lyngbyaceum on the basis of trichome size, and 
in part also on the extremely diffluent character of the individual 
sheaths, but differs conspicuously in the habit assumed and also 
in having rather shorter cells, no conspicuously capitate apex 
and the violet color. In this last respect it resembles II. 
complies, but there is little else in common between them. 

The station for the material is given as South Shore near 
Battery and south of Old Fort, Key West, Florida; collected by 
R. Thaxter, Feb. 1898; type material in Farlow Herbarium, 
Harvard Universty. 

Lyngbya lutea (C. Ag.) Gom. This plant is attributed 
to Florida by Tilden (Minnesota Algae 1: 115) and is similarly 
accepted by Hoyt (1920). As the plant occurs in North Carolina 
and is reported in the West Indies, the Florida record is not 
improbable, (p. 44). 1 

Microcoleus chtChonoplastes Thuret ex Gom. A col¬ 
lection of this species made by R. Thaxter at Cocoanut Grove, 
Florida, 1898-99, has been seen by the writer and the deter¬ 
mination appears to be correct. Associated were Lyngbya 
confervoides and indeterminate Chroococcaceae. The habitat 
was perhaps brackish rather than completely marine, (p. 45). 

Monostroma latissimum (Kg.) Wittr. Collins (1909) re¬ 
cords this species from Florida, and Collins & Hervey (1917) 
from Bermuda, (p. 56). 

1 Page references are to the writer's report on Florida algae (1928). 
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Ulya fasciata Delile. Collins (1909) records this species 
from Florida. As it is common and widespread in the American 
tropics, the record is probably correct, and material in Curtiss’ 
Algae Floridanae at the New York Botanical Garden appears to 
be this species, collected at Oceanus in 1896. (p. 57). 

Ulva Lactuca L., var. latissima (L.) DC. Specimens of 
this variety from Key West, Florida, have been seen by the 
writer, especially those in the Farlow Herbarium collected by 
‘B. M, W., Sta. 26, June 19, 1893d This appears to be a new 
record, (p. 57). 

Chaetomorpha clavata (C. Ag.) Kg. Collins (1909) lists 
this plant from Florida. As it is known from the Bahamas and 
the outer West Indies the record is probably correct, (p. 60.) 

Halicystxs sp. A member of this genus has been reported by 
Blinks (1927) as present at Bermuda and Florida (Dry Tortu- 
gas), without assurance as to the specific determination. The 
writer has Bermudan samples of this material, and agrees in 
the dispositon of it. 

Struvea pulcherrima (J. E. Gray) Murray & Boodle. 
Collins (1909) mentions the finding of a fragment of this plant 
by Mrs. Hall at Jupiter Inlet, Florida, as being only a second 
record. The original plant (also a fragment, though larger) was 
dredged in the Gulf of Mexico by Menzies. The record is 
probably correct, since the plant is very distinctive, although 
excessively rare. (p. 74.) 

Rhizoclonium riparium (Roth) Harv. While Collins (1909) 
does not attribute this plant to Florida, Hoyt (1920) does con¬ 
sider that it occurs there. Since it appears in the Bermudas 
and Bahamas, it probably is present in Florida also, (p. 66.) 

Rryopsis ramulosa Mont. This is reported from Florida 
by Collins (1909). (p. 93.) 

Gelidium crinale (Turn.) J. Ag. Excellent specimens 
of this plant are to be found in the New York .Botanical Garden 
Herbarium, collected at St. Augustine, Florida, by Mrs. G. A. 
Hall, and from St. Augustine Inlet by A. H. Curtiss in April 
1897. (p, 142.) 

Cottoniella filamentosa (Howe) B^rg. This plant Is 
described from Flo'rida by Howe (1905b). (p. 162). 

Chondria cnicoppiylla Melv. This plant was described 
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from western Florida by Melvill in Murray (1889), and the 
record is so far to be accepted, (p. 170.) 

Laurencia gemmifera Harv. This species was described 
from Florida and the record was accepted by Murray (1889) 
and more recently by Howe (1920). Plants belonging under this 
name were secured by the writer from Key West and Dry 
Tortugas, the omission from his text (1928) being an over¬ 
sight. At Dry Tortugas L. gemmifera was obtained at Bird, 
Loggerhead, and East Keys from the sublittoral to a depth of 
6 meters, appearing to be primarily a plant of shallow, quiet, 
strongly illuminated water. It most resembles forms of L. 
obtusa or of X. Poiiei , being distinguishable by the turgid or 
papillate contour of the epidermal cells near the apices of the 
branches, (p. 179.) 

Antithamnion plumula (Ell.) Thuret. Specimens of this 
plant have been seen by the writer in the Farlow Herbarium, 
purporting to have been dredged off Key West, Florida. This 
appears to be a new r record, and a very considerable extension 
of the American range, (p. 188.) 

Lithophyllum bermudense Fosh & Howe. A record of 
Flc 'Ida material by the authors of the name (1906) is to be 
accepted, (p. 209.) 

Lithothamnium floridanum Fosl. Foslie (Algol. Not. 2: 
11. 1906) and DeToni (Sylloge Algarum 4: 1782) accord this 
plant to Florida, (p. 209.) 

DOUBTFUL RECORDS 

Enteromorpha compressa (L.) Grev. Murray (1889) 
records this plant from Florida on the basis of a report by Mel¬ 
vill (1875) and on Harvey’s statement that its distribution is 
general in North America. Collins (1909) does not grant a more 
southerly range than New Jersey, (p. 55.) 

Enteromorpha ramulosa (Eng. Bot.) Hooker. Collins 
accepts this plant (1909) as occurring from New England to 
the West Indies; Hoyt (1920) does not mention it, but DeToni 
(Sylloge Algarum 1: 134) assigns it to Florida. On the whole, 
the Florida record is not well confirmed, (p. 56.) 

Cladophora prolifera (Roth) Kg. Hooper (1850) re¬ 
ports this species from Florida, but his determinations deserve 
little confidence. Collins (1909) does not accept the record; 
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perhaps the plant was C. fuliginosa or Cladophoropsis. How¬ 
ever, records from farther south do appear to be correct, (p. 64.) 

Caulerpa coccinia. Hooper (1850) lists a plant under 
this name, but the writer has been unable to determine what 
he had in hand, or to locate any other use of the name. 

Caulerpa taxifolia (Vahl.) C. Ag. B^rgesen (1913) lists 
this plant from Florida, but without particular explanation. 
Collins (1909, 1912, 1918) does not accept the record, nor does 
it appear in other places where it would be expected. While 
the plant is found in the outer West Indies and even Bermuda, 
and so is to be expected in Florida, it is best to hold the Florida 
record in question until more specific information on the local 
specimens is available, (p. 103.) 

Asperococcus clavatus. This record by Hooper (1850) 
for Florida is unconfirmed, and is probably incorrect. The 
significance of the name, at least, is not clear, (p. 110.) 

Asperococcus echinatus (Mert.) Grev. This record by 
Hooper (1850) is unconfirmed, and is probably incorrect. The 
species is a north-temperate one. (p. 110.) 

Castagnea virescens (Carm.) Thuret. Hooper (1850) 
and Farlow (1876) both list this species, but the records are 
probably incorrect (Taylor 1928, p. 113). An examination of a 
specimen from Garden Key in the Collins Herbarium at the 
New York Botanical Garden showed sporangia up to 44 jx in 
diameter. Since the plant was a sturdy one, somewhat sug¬ 
gesting C. virescens , measurements were made of sporangia on 
slides of New England C. virescens sectioned in celloidin, where 
the sporangia were found to reach 66/x in diameter and 95jx in 
length. From this and other features of structure it seems best 
still to consider all of the Florida material to be C. Zosterae . (p. 
113.) 

Padina Commersonii Bory. Murray (1889) lists this plant 
from Florida, but the record is to be considered very doubtful. 
Perhaps it was based on juvenile material of F. Sanctae-Crucis. 
(P- 123.) , 

Padina pavonia (L.) Gaill. This species has been reported 
from Florida and for several of the West Indies by Murray 
(1889). Collins (1917) in announcing its presence at Bermuda 
emphasized the unreliability of the older records. There is no 
reliable record of its presence on the Florida coast, (p. 123.) 
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Cystoseira ericoides Goodw. & Woodw. Hooper (1850) 
lists this plant, but there is no confirmation of its presence in 
Florida or elsewhere in the American tropics, (p. 126.) 

Sargassum dentifolium (Turn.) C. Ag. Murray (1889) 
assigns this species to Florida, but there is no other record 
beside that of Farlow (1876), on which Murray’s is probably 
based. Perhaps Farlow .had S. pteropleuron; at any rate the 
report is very doubtful, (p. 127.) 

Acrochaetium virgatulum (Harv.) J. Ag., var. luxurians 
(J. Ag.) Rosenv. Murray (1889) accords this variety, under 
the name of CaUithamnion luxurians J. Ag., to Florida on the 
basis of MelviH's collections. The plant under the latter name 
in Harvey (1853) does certainly appear to be a n Acrochaetium 
but is not there listed from Florida. As old determinations in 
Acrochaetium are often untrustworthy it is best to hold the 
Florida record in question, (p. 134.) 

H elminthocladiA Calvadosii (Lamx.) Setch. Murray 
(1889) accepts reports of this plant under the name of II. 
divaricaia . Murray, Collins & Hervey (1917), and Howe (1918) 
accept the plant as present at Bermuda. However, as there is 
no direct confirmation of MelvilFs (1875) report of the plant in 
Florida, the record may best be held in question, (p. 135.) 

Scxnaia furcellata (Turn.) Bivona. The Florida report 
of the species comes from Harvey (1853) through Murray 
(1889)« The material very probably will be found to be S. 
complmiata , which is the tropical species, while 5. furcellata is 
found in more northern and colder waters, (p. 141.) 

Stenogramme interrupta Mont. The Florida material 
passing under this name seems to consist of a sterile fragment 
found by Harvey (1853) at Key West. While reproducing 
plants are quite characteristic, the sterile plants are much less 
so, and in view of the character of the material and the absence 
of other records from the American tropics it is best to consider 
the record as very doubtful, (p. 147.) 

Gracilaria arcuata J. Ag, Mention of this species from 
Florida appears in DeToni (Sylloge Algarum 6: 259). As the 
only other record from the American tropics appears in Maze 
& Schramm (1870-77) and may not be based on similar mate¬ 
rial, the Florida report is ill confirmed and may be held in 
doubt, (p. 151.) 
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Gracilaria armata (C. Ag.) J. Ag. This plant is reported 
from Florida by Harvey (1853), but it is characteristically 
European. There are several other, but not very convincing, 
reports from the American tropics. Of these the one accepted 
by Murray (1889) from Kemp and Rein for Bermuda is attri¬ 
buted by Collins & Hervey (1917) to G. ferox , and the Florida 
record should perhaps be likewise disposed of. (p. 151.) 

Gracilaria biflabellata J. Ag. This plant is recorded 
as having been communicated by Mrs. Curtiss, and so is probably 
from Florida (J. Agardh, Spec. Gen. et Ord. Algarum 3 4 : 87. 
1901). The plant, which somewhat suggests G. lacinulata in ap¬ 
pearance, is by no means well known, (p. 151.) 

Gracilaria dura (C. Ag.) j. Ag. Since the only report 
from Florida involving this species apparently is that of Hooper 
(1850), and since other reports from the American tropics 
are unsatisfactory, the record may be considered very doubtful. 
Material originally under this name in the New York Botanical 
Garden, apparently collected by Wurdemann, seems to belong 
to G. cornea, (p. 154.) 

Gracilaria helminthochorton. This name is assigned to 
a Florida alga by Hooper (1850), but no other use of it is familiar 
to the writer. The record may be considered as of no value, 
(p. 154.) 

Gracilaria tridactylites Crn. This plant is attributed 
‘ad oras insulae Sanctae Augustini (Da. Hall)' in DeToni 
(Sylloge Algarum 6: 269). Mrs. Hall's material was primarily 
from Florida, so St. Augustine in northern Florida is probably 
the source of her specimens. The plant is by no means well 
known, (p. 155.) 

Hypnea robusta. This name is assigned to a Florida alga 
by Hooper (1850), but no other use of it is familiar to the writer. 
The record may be considered of no value, (p. 157.) 

Polysiphonia foeniculacea (Drap.) J. Ag. Murray 
(1889) records this plant under the name P. hirta as having been 
reported from Florida by Harvey and Melvill. It does not seem 
to be in Harvey's Nereis (1853, 1858) under either form; lacking 
other records from tropical America, its occurrence must be 
considered very doubtful, (p. 183.) 

Callithamnion polyspermum C’ Ag. Murray records 
(1889) this species from Florida on the authority of Harvey 
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(1853), who considers that it is present at New York, Charles¬ 
ton and St Augustine. Hoyt (1920) rather hesitatingly re¬ 
cords it from Beaufort. As it has not been found to be a member 
of the southern Cape Cod flora, its occurrence in the north is 
unconfirmed, and altogether it is best to hold the Florida record 
in question in the absence of authentic material, (p. 189.) 

Griffithsia Corallina (Lightf.) C. Ag. Harvey (1853) 
records from Florida what is probably G. globulifera. The 
European G. Corallina is doubtfully present in the American 
tropics, although Sluiter (1908) has indeed reported it from 
Venezuela, (p. 194.) 

Spermgthamnxon pellucidum (Farl.) DeToni. Murray 
(1889) accepts this plant as from Florida under the name of 
Callithamnion pellucidum. Perhaps the record should be held 
in question until the plant is re-collected and better known, 
(p. 196.) 


CORRECTIONS TO TEXT ON FLORIDA ALGAE 

It is appropriate to call attention here to errors which have 
so far been recognized in the writer’s Marine Algae of Florida 
(1928). It is neither necessary to correct nor significant to 
indicate in detail the infrequent typographical errors. Omis¬ 
sions have been discussed earlier in the present paper. The 
following are mistakes which may prove misleading if uncor¬ 
rected : 

Page 44, 51, 191 and elsewhere: references to Farlow (1891) 
and (1882) read as (1881), and Farlow (1875) as (1876). Page 
89: the authorities for the first species described should be 
Udotea conglutinata (Ellis & Solander) Lamouroux. Page 94: 
the second species described should be spelled Derbesia van - 
cheriaeformis (Harvey) J. Agardh. Page 95: the parenthetic 
clause in the third line of the description of Caulerpa Ashmeadii 
should read—(pinnules 1 to 2 cm. long). Page 100 and else¬ 
where for citations of Foerskal read Forskal, but see Collins 
(1909, p. 413, 419, etc,). Page 102: the correct citation of the 
second variety mentioned is var. occidentalis (J. Agardh) 
B^rgesen. Page 107: line 3 of the comment upon Ectocarpus 
confervoides lacks the word ‘Howe’ before the initial word 
‘reports.’ Page 121: Dilophus should precede Neurocarpus . 
Page 124: the correct citation for the first species described 
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should be Spatoglossum Schroederi (Mertens) J. Agardh. 
Page 126: the second species described should be cited Sar- 
gassum cymosum C. Agardh. Page 131: the name at the. end 
of the first line should be C. Agardh. Page 149: Eucheuma isi- 
forme is illustrated on Plate 23, fig. 2. Page 169: the correct 
citation of the first form mentioned is forma disticha j. Agardh. 
Page 186: Vidalia obtusiloba is illustrated on Plate 29, fig. 4. 
Page 189: the name on the first line should be Callithamnion 
byssoideum Arnott. 

Page 196: Spyridia. The distinguishing features for S. 
aculeata and S. filamentosa seem unsatisfactory as propoesd. 
The Florida variety of 5. aculeata may be recognized by the 
hamate tips of the branches and by the recurved spines on 
the ramular nodes, as well as by habit, since these features are 
not found in S. filamentosa. But the characters offered, based 
on the number of cells at the nodes of the ramuli and the rela¬ 
tive number of nodal and internodal cells on the main axes, are 
unsafe. It appears that on the ramuli the nodal cells may 
exceed 8 in both species, though more numerous in S. aculeata. 
On the axes both have at first cells twice as broad and half 
as many on the nodes as on the internodes, but in 5. aculeata 
these divide to a number equal to those over the internodes 
sooner than in 5. filamentosa. Later the zonation becomes 
irregular and obscure in both species. When, as often happens 
in depauperate dried material, the hamate tips and recurved 
aculei are absent from plants with the habit of S. aculeata 
hypneoides , it becomes hard to distinguish sharply from S . 
filamentosa. 

Page 210: the first variety described should be cited var. 
ornatum Foslie & Howe. Page 216: for the 53rd entry read— 
Enteromorpha Harvey, (Chrysymenia), 159. 

University of Pennsylvania 
Philadelphia 
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Aconitum macilentum Greene 

William A. Dayton 1 
(with plate 4) 

In 1912 Mr. Charles E. Fleming (now head of the Depart¬ 
ment of range management at the Nevada Agricultural Experi¬ 
ment Station) and Mr. Jesse L. Peterson (now range examiner 
on the Whitman National Forest) made plant collections, 
aggregating 225 specimens, in connection with a grazing recon¬ 
naissance of the Minam (now part of the Whitman) National 
Forest, northeastern Oregon. Among these specimens is a 
monkshdod, Mr. Fleming’s no. 151, Forest Service serial no. 
5171, collected at 6800 ft., in meadows near the base of Eagle 
Cap, the highest peak in northeastern Oregon. This specimen 
was pronounced by the late Dr. E. L. Greene (at that time 
consulting botanical expert of the Forest Service) to be new to 
science and was named and described 2 by him as: 

Aconitum macilentum Greene, spec. nov. 

Radix parva, tuberiformis, ovata, fibras tenues nigricantes emittens. 
Caulis unicus tenuis erectus simplex, 3-5 dm altus, foliis paucis breviter 
petiolatis instructus, apicem versus, una cum florum pedicellis, pilis virentibus 
molliter hirtellus. Folia utrinque glabra, prof unde, subdigitatimque 5-lobata, 
lobis late lanceolatis, aut subintegris aut incise dentatis. Flores perpauci, 
tenuiter pedicellati; sepala anteriora oblongolanceolata; galea elongato, sacco 
brevi obtuso. rostro subulato, longiusculo, horizontaliter extenso, et cum 
petalis exterioribus piloso-ciliato. 

Minam National Forest. Oregon, 25 Aug. 1912, 3 C. E. Fleming. The 
species, though quite tall, is slender and delicate, the flower in some specimens 
one only. 

It will be noted that Dr. Greene makes no reference to his 
disposition of this specimen. It was never returned to the 
Forest Service range plant herbarium in Washington. 

Mr. Douglas C. Ingram, in change of range research in the 
Portland (Oregon) office of the Forest Service, has recently 
submitted to Washington for certain editorial matters the 
District office headquarters duplicate of this specimen, and this 
has proved to be a true co-type of Aconitum macilentum Greene. 

1 In charge range forage investigations, office of Range Research, U. S. 
Forest Service. 

4 Greene, Edward L. Novitates Boreali-Americanae, VII. Repert. Spec. 
Nov. 13: 321. 1914. 

a Forest Service duplicate material all has ‘August 28, 1912/ as the date 
of collection; ‘25’ is probably a typographical error. 
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The type of the species appears to be lost—at least It Is not 
in the U. S. National Herbarium. The Forest Service has, 
therefore, deposited the very satisfactory duplicate from its 
Portland office, as co-type, in the type collection of the National 
Herbarium (plate 4). 

While this Miriam plant is, as Dr. Greene evidently implied 
in his specific name macilentum , rather ‘thin* and depauperate, 
yet this condition might be anticipated by anyone familiar with 
its somewhat bleak habitat, and I am personally unable to see 
differences between it and typical Aconitum columhianum 
Nutt., the common monkshood of the Blue Mountains. In fact 
I saw this monkshood in its type locality the summer before 
Mr. Fleming collected it, but failed to collect it as I assumed it 
to be the same as the monkshood elsewhere common in the 
region, the general form of flower and leaf being individual. 
Mr. Ivar Tidestrom, to whom the specimen was recently 
shown, agrees that he cannot distinguish it from A .columhianum . 
Apparently Aconitum macilentum Greene must be remanded 
to synonymy under A . columhianum Nutt. 

Explanation of plate 4 

Co-type of Aconitum macilentum Greene, now deposited in the type col¬ 
lection of the United States National Herbarium. 
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Type of the genus Jatroptia 
Kenneth K. Mackenzie 

The original description of the - important tropical genus 
Jatropha L. (Gen. PL 288.1737) was as follows: 

JATROPHA*. Manihot Tournef. 438. DHL elth. 173. Jussievia 
Houst. A. A. 721. 

*Masculini Flores: 

Cal: Perianthium vix manifestum. 

Cor: monopetala. Tubus brevissimus. Limbus quinquepartitus: laciniis sub- 
rotundis, concavis, patentibus. 

Siam: Filamenta decern, subulata, in medio approximata, quinque alterna 
breviora, erecta, corolla breviora. Antherae subrotundae, versatiles. 
Pist: Rudimentum debile in fundo floris latet. 

*Feminini Flores in eadem umbella cum masculinis. 

Cal: ut in masculinis. 

Cor: ut in masculinis. 

Pist: Germen subrotundum, trisulcatum. Styli tres, dichotomi. Stigmata 
obtusa. 

Per: Capsula subrotunda, tricocca, trilocularis: loculis bivalvibus. 

Sem : solitaria, subrotunda. 

In the companion volume, Hortus Cliffortianus (p. 445. 
1737-9) Linnaeus gave three species, as follows: 

1. Jatropha foliis multipartitis laevibus, stipulis setaceis 
multifidis. (To this species in 1753 he gave the name Jatropha 
multifida. It is the plant figured by Dillenius and cited by 
Linnaeus at the commencement of his description of Jatropha.) 

2. Jatropha foliis palmatis dentatis retrorsum aculeatis, 
(To this species in 1753 Linnaeus gave the name Jatropha mens. 
Both in the Genera Plantarum (p. 384) and in the Hortus 
Cliffortianus he drew attention to the peculiarities of this 
species, but these were not sufficient he thought to constitute 
a distinct genus. He first thought Jussievia Houston was based 
on this plant and his remarks are made to apply to Jussievia 
of Houston.) 

3. Jatropha foliis cordatis angulatis. (To this species in 
1753 Linnaeus gave the name Jatropha Curcas .) 

Both species 1 and 3 have sepals and petals well developed, 
and do not agree with the Linnaean generic description. 

In the fifth and sixth editions of the Genera Plantarum, 
Linnaeus described the genus much as in the first edition, but 
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made some changes. His description in the fifth edition (p. 437. 
1754) reads as follows: 

961. JATROPHA*. Manihot Tournef. 438. DHL elth. 173. Jussievia Jloust, 
A.A. 

*Masculi Flores. 

Cal. Perianthium vix manifestum. 

Cor. monopetala, hypocrateriformis. Tubus brevissimus. Limbus quinque- 
partitus; laciniis subrotundis, patentibus, convexis, subtus concavis. 
Siam. Filamenta decern, subulata, in medio approximata, quinque alterna 
breviora, erecta, corolla breviora. Antherae subrot undae, versatiles. 

Pist. Rudimentum debile in fundo floris latet. 

*Feminei Flores in eadem umbella cum masculis. 

Cal. null us. 

Cor. pemtapetala, rosacea. 

Pist. Germen subrotundum, trisulcatum. Styli tres, dichotomi. Stigmata 
simplicia. 

Per. Capsula subrotunda, tricocca, trilocularis: loculis bivalvibus. 

Sem. solitaria, subrotunda. 

Obs. J. Urens Stamina novem, erecta, quorum Tria interiora reliquis longiora , 
quibus ( tr-ibus) setae totidem respondent , singulae singulo filamento props 
basin inseriae. 

In the 6th edition of the Genera Plantarum (No. 1084, 
p. 503.1764) Linnaeus added the following: 

Nonnullae species in fioribus Masculis habent Calyccm quinquefidum & 
Corollam pentapetalam 1. 3. 

The species given by Linnaeus in the first edition of the 
Species Plantarum (p. 1006-7.1753) in order were (1) gossypi- 
folia , (2) moluccana , (3) Curcas , (4) multifida , (5) Manihot , 
(6) urens , (7) herbacea. Tournefort’s plate 438 cited by Linnaeus 
in his generic description was not referred to by him in the 
Hortus Cliffortianus (p. 445), nor was it referred to by him in 
the Species Plantarum (p. 1006-7), although the synonymy 
given by Tournefort (p. 658) was given by him and he based 
his Jatropha Manihot on it. 

In the second edition of the Species Plantarum (p. 1428— 
1430.1763) Linnaeus divided these seven species into two 
groups, the first containing four species which he called the 
‘ealyculalL and the second with three species which he called 
the ‘acalyculatid 

A comparison of the Linnaean generic description with the 
seven species given by him developed the interesting fact that 
only one of these species agrees with his generic description. 
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His description calling for but one well-developed floral en¬ 
velope was evidently based on the first plate (Tournefort 438) 
cited by him, to which it entirely applies. When he added his 
reference to Dillenius he did not modify his generic description 
to properly include the plant of Dillenius, although the plate 
cited is of a plant with two floral envelopes very well developed. 

In 1763 he definitely noted that his first four species had 
two floral envelopes, but he never enlarged his generic descrip¬ 
tion to properly embrace these species. 

He always appreciated that Jatropha mens and the plant 
of Houston, his last two species, did not entirely accord with 
his generic description, and he drew attention to this several 
times. 

In other words the original generic description of Linnaeus 
was based solely on Jatropha Manihot L. and it is the only one 
of his seven species which agrees with his generic description. 
It in consequence must be taken as the type of the genus. 
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Jour, Washington Acad. Sci. 19: 37-39./. 1. 19 Ja 1929. 
Anacardium kirni sp. nov. 

Berry, E. W. The genus Amygdalus in North America. Jour. 
Washington Acad. Sci. 19: 41-43./. 1. 19 Ja 1929. 

Describes Amygdalus Alexanderi sp. nov. 

Berry, E. W. Seeds of a new species of Vitaceae from the Wilcox 
Eocene of Texas. Jour. Washington Acad. Sci. 19: 39-41. 
/. 1. 19 Ja 1929. 

Ampelocissites lytlensis gen. et sp. nov. 
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Blacky L. M. A new and striking abnormality in potato plants. 

Phytopathology 19: 175-176. F 1929, 

Blake* S. F. Cladonia floridana in New Jersey. Rhodora 31: 
56. 1 Mr 1929. 

Bodeker, F. Zwei netie Echinocacteen. Zeits. Sukkuh 3: 
362-364. pi 8Must. 15 D 1928. 

Echinocactus Sauerii and E. Roseanus spp. nov. from Mexico. 

Bowen* R. H. The use of osmic-impregnation methods in 
plant cytology. Bull. Torrey Club 56: 33-52. pi. 1. 

22 F 1929. 

Brand* A. Decas specierum novarum octava. Repert. Spec. 
Nov. 25: 210-214. 31 D 1928. 

Several American species are described. 

Brown* H. J. The algal family Vaucheriaceae. Trans. Am. 

Microsc. Soc. 48: 86-117. pi 15-20. Ja 1929. 

Bullet, A. H. R. The plants of Canada past and present. Trans. 

Roy. Soc. Canada III. 22: appendix A xxxiii-lviii. 1928. 
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Burret, M. Die Palmengattung Manicaria Gaertn. ■ Notizbl. 

Bot. Gart. Berlin 10: 389-394. 1 D 1928. 

Carlson, M. C* Michrochemical studies of rooting and non¬ 
rooting rose cuttings. Bot. Gaz. 87: 64-80./. 1-6. 9 F 1929. 
Carlson, M. C. Origin of adventitious roots in Coleus cuttings. 

Bot. Gaz. 87: 119-126. pi 5, 6. 9 F 1929. 

Castellanos, A. Algunos arboles y arbustos de interes floristico 
regional. Physis 9: 98-101. Must. 10 Au 1928. 

Opuntia puelchana n. sp. is described. 

Christensen, J. J. The influence of temperature on the fre¬ 
quency of mutation in Helminthosporium sativum. Phyto¬ 
pathology 19: 155-162./. 1-4. F 1929. 

Clark, L., & Frye, T. C. The liverworts of the northwest. Publ. 

Puget Sound Biol. Sta. 6: 1-194. Must. 15 D 1928. 

Collins, J. F. Notes on certain species of Panicum occurring in 
or near Rhode Island. Rhodora 30: 229-232. “D 1928” 
24 Ja 1929. 
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Cook, M. T. Tres enfermedades de la cana de Azucar encon- 
tradas recientemente en Puerto Rico. Rev. Agr. Puerto 
Rico 22: 15-16, 39. Ja 1929. 

Coraiack, M. Trees and shrubs of Roger Williams Park. 1-49. 

/. 1-38. Providence, R. L, 1928. 

Coville, P. Some aspects of forest genetics. Jour. Forestry 26: 
977-993. D 1928. 

Benny, F. E. Role of mother tuber in growth of potato plant. 

Bot. Gaz. 87: 157-194,/. 1-5. 9 F 1929. 

Dixon, H. N. Mosses collected in north China, Mongolia and 
Tibet, by Rev. Pere E. Licent. Rev. Bryol. II. 1: 177-191. 
/. 1-6. 1928. 

Bobbie, H. B, The propagation of ferns. Am. Fern Jour. 19: 
19-24./. 1,2. Ja 1929. 

Drayton, F, L. Recommendations for the control of Gladiolus 
diseases. Gladiolus Rev. 6: 11-12. Ja 1929. 

Brechsler, C, Zonate evespot of grasses caused by Helmintho- 
sporium giganteum . Jour. Agr. Res. 37: 473-492. pi. 1-8 + 
/. 1-3. “15 O” N 1928. 

Eaton, F. M., & Belden, G. O. Leaf temperatures of cotton and 
their relation to transpiration, varietal differences, and 
yields. U. S. Dept. Agr. Tech. Bull. 91: 1-39. /. 1-10. 
Ja 1929. 

Eaton, R. J. Hydrangea paniculata naturalized in Massachu¬ 
setts. Rhodora 31: 18-19. 31 Ja 1929. 

Elliott, C*, & Smith, E. F. A bacterial stripe disease of sorghum. 

Jour. Agr. Res. 38: 1-22. pi. 1-9. “1 Ja” F 1929. 

Ewer, S. F. A teratological flower of Corallorrhiza maculata . 
Rhodora 31: 53. Mr 1929. 

Eyster, W. H. Five new genes in chromosome I in maize. 

Zeits. Induk. Abst. und Vererb. 49: 105-130. /. 1 , 2. 1929. 
Farwell, O. A* Contributions to the botany of Michigan No. 16, 
Miscellany. Am. Midi. Nat. 11: 261-269. Ja 1929. 
Femald, M. L. A hybrid Rhynchospora. Rhodora 31: 38, 
1 Mr 1929. 

Femald, M. L. Roripa islandica an invalid name. Rhodora 
31:17-18. 31 Ja 1929. 

Femald, M. L., & Weatherby, C. A. Contributions from the 
Gray Herbarium of Harvard University—No. LXXXIIL 
1. SchmidePs publication of Thelypteris . Rhodora 31: 
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21 - 26 . pi. 179;II . A study of Thelypteris palustris . 27-36. 
pi. 180 . 27 F 1929; III. Four grasses of eastern America. 
44-49./. 7. 1 Mr 1929. 

Fraser* W. P., & Ledingham, G. A, Studies on the sedge rust, 
Puccinia Caricis-Shepherdiae. Mycologia 21; 86-89. pi. 10. 
1 Mr 1929. 

Garnett, C. S. Orchidological research and collecting expe¬ 
dition, Brazil, 1928. Orchid Rev. 37: 40-49. F 1929. 
Gilbert* A. H. Net-necrosis of Irish potato tubers. Vermont 
Agr. Exp. Sta. Bull. 289: 1-36. pi. 1-12+f. 1-7. S 1928. 
Gladwin* F. E. Downy and powdery mildews of the grape and 
their control. Geneva, N. Y. Agr. Exp. Sta. Bull. 560: 
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Guillierxnond* A. The recent development of our idea of the 
vacuo me of plant cells. Am. Jour. Bot. 16: 1-22. /. 1-16 . 
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Hart* H. T. Delayed germination in seeds of Peltandra 
virginica and Celastrus scandens. Publ. Puget Sound Biol. 
Sta. 6: 255-261. 28 D 1928. 

Hartge, L. A. Nereocystis . Publ. Puget Sound Biol. Sta. 6: 
207-236./. 1-72. 28 D 1928. 

Hartley* C., & Haasis, F. W. Brooming disease of black locust. 
(.Robinia pseudacacia) . Phytopathology 19: 163-166. 
f. 1,2. F 1929. 

Hilend, M. A revision of the genus Zauschneria. Am, Jour. 

Bot. 16: 58-68. “Ja” 12 F 1929. 

Hoggan, L A, The peach aphid ( Myzus persicae Sulz.) as an 
agent in virus transmission. Phytopathology 19: 109-123. 
pi. 1—2 +/. 1. F 1929. 

Holm* T. The application of the term “rhizome.” Rhodora 31: 
6-17. pi. 177, 178. 31 Ja 1929. 

Holmes* F. O. Inoculating methods in tobacco mosaic studies. 

Bot. Gaz. 87: 56-63./. 1-4. 9 F 1929. 

Holmes, F. 0. Local lesions in tobacco mosaic. Bot. Gaz. 87; 
39-55./. 1-11. 9 F 1929. 

Howe, M. A. New York’s first Botanical Garden. Jour. N. Y. 

Bot. Card. 30: 49-58. /. 1 , 2. Mr 1929. 

Jaques, H. E., & others. The trees of Mt. Pleasant and vicinity. 
1-105. illusL 1929. 

Mimeograph copy. 
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Johann, BL, Holbert, J. R,» & Dickson, J. G. A PytJiium 
seedling blight and root rot of Dent com. Jour. Agr. Res. 
37: 443-464./. 1-9. "15 O” N 1928. 

Jones, D. F. Selective fertilization, i-xii, 1-163. /. 1-21 . 

Chicago, Univ. Chicago Press, Mr 1928. 

Joseph, H. C. Germination and keeping quality of parsnip 
seeds under various conditions. Bot. Gaz. 87: 195-210. 
/. 1,2. 9 F 1929. 

Joseph, H. CL Germination and vitality of birch seeds. Bot. 

Gaz. 87: 127-151./. 2-5. 9 F 1929/ 

Kearney, T. H. Plants of lower Californian relationship in 
central Arizona. Jour. Washington Acad. Sci. 19: 70-71. 
4 F 1929. 

Kearney, T. H«, & Harrison, G. J. Variation in seed fuzziness on 
individual plants of Pima cotton. Jour. Agr. Res. 37: 
465-472./. 1-4. "15 0” N 1928. 

Knowlton, C. H. Index to the flora of the Boston district. 
Rhodora 31: 41-43. Mr 1929. 

Kuhimann,. J. G., & Sampaio, A. J. de. Clinostemon, Kuhlm, 
et A. Samp. n. gen. de Lauraceas, da Amazonia. Boh Mus. 
Nac. Rio de Janeiro 4 2 : 57-59. Must 1928. 

Lambert, E. B. The relation of weather to the development of 
stem rust in the Mississippi valley. Phytopathology 19:“ 
1-71./. 2-22. Ja 1929. 

Laufer, B. The American plant migration. Sci. Monthly 28: 
239-251. Mr 1929. 

Lindstrom, E. W. A haploid mutant in the tomato. Jour. 

Heredity 20: 23-30./. 77-75. Ja 1929. 

Long, F. L. Stomata which show functional movement for a 
century. Science II 69: 218-219. 22 F 1929. 

Macbride, J. F. A new Miconia and other large Melastomes of 
Peru. Tropical Woods 17: 12-14. 1 Mr 1929. 

Mackenzie, K. K. Concerning the proper identification of 
Linnaean species, especially those based on material col¬ 
lected by Clayton. Rhodora 30: 232-237. “D 1928” 24 
Ja 1929. 

Mackenzie, K. K. Some Juncus names. Bull. Torrey Club 56: 
25-32. "Ja” 22 F 1929. „ 
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Melhus, I. E., Reddy, C. S., Henderson, W. J., & Vestal, E. 
A new virus disease epidemic on onions. Phytopathology 
19: 73-77./. 1. Ja 1929. 

Metcalf, M. M. Parasites and the aid they give in problems of 
taxonomy, geographical distribution and paleogeography. 
Smithsonian Misc. Coll. 81 s : 1-36./. 1-4. 28 b 1929. 
Mildbraed, J. Neue Arten von Coussapoa und Pourouma Aubl. 
Notizbl. Bot. Gart. Berlin 10: 413-420. 1 D 1928. 
Describes 6 new species from South America. 

Molfino, J. F. Notas botanicas—6. Physis 9: 77-93. Must. 
10 An 1928. 

Molisch, H. The movement of sap in plants. Science II. 69: 
217-218. 22 F 1929. 

[Moore, G. T.] A winter-flowering shrub native to Missouri 
(Hamamelis vernalis). Missouri Bot. Card. Bull. 17: 
30-32. pi. 8 , 9. F 1929. 

Morrison* B. Y. The yellow day lilies. U. S. Dept, Agr. Circ. 
42: 1-13./. 1 - 4 . N 1928, 

Moss, E, H. The uredinia of Melampsora and Coleosporium . 

Mycologia 21: 79-83. f. 1,2. 1 Mr 1929. 

Mousley, H. Further notes on Amesia (Epipactis) latifolia in 
Canada. Orchid Rev. 37: 50-52. Must. F. 1929. 

Mousley, H. Further notes on Malaxis brachypoda (Mono- 
phyllos) and M. uniflora forma bifolia . Orchid Rev. 37: 
37-39. illust. F 1929. 

Ogilvie, L. The Bermuda Easter lily. Roy. Soc, London Quart. 
Sum. 39: 4-6. illust. Ja 1929. 

Ogilvie, L. A transmissible virus disease of the Easter lily. 

Ann. Applied Biol. 15: 540-562. pi. 30-33. N 1928. 
Palmer, T, C. Isoetes Lechleri Mett. Am. Fern Jour. 19: 17-19. 
Ja 1929. 

Papp, G. Berichtigung zu: Papp, Formen von Melica usw, 
Notizbl. Bot. Gart. Berlin 10: 412. 1 D 1928. 

Parodi, L. R„ Notas sobre Gramineas de la flora Argentina. 

Physis 9:12-45./. 1-9. 10 Au 1928. 

Pease, k, S. A day in Gaspe. Rhodora 31: 54-56. 1 Mr 1929. 
Pennell, F* W. A new Maurandya from Arizona. Jour. 
Washington Acad. ScL 19: 69-70. 4 F 1929. 

Maurandya acerifolia, n. sp. 
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Perkins, J. Drei neiie Arten der Gattung Styrax . Notizbl. Bot. 
Gart. Berlin 10: 457-459. 1 D 1928. 

South American plants. 

Pittier, H. Arboles y arbustos del orden de las Leguminosas—* 
I. Mimosaceas. 1-82. 1927; II. Cesalpiniaceas. 83-148. 
1928; III. Papilionaceas. 149-229. 1928. 

Ext. from Bol. Min. de Rel, Exter. 

Pittier, H. Viaje de estudio a Costa Rica notas y reflexiones 
sobre agricultura recogidas. Rev. Agr. Puerto Rico 22: 
3-14. Ja 1929. 

Record, S. J. Trees and shrubs collected by F. C. Englesing 
in northeastern Nicaragua. Tropical Woods 17: 18-38. 
1 Mr 1929. 

Reiche, C. Lecturas biologicas una introducion a la ecologia 
de los organismos. Mem. Rev. Soc. Cien. f4 Antonio 
Alzate 77 47: 1-327. 1928. 

Reid, M. E. Growth of seedlings in light and in darkness in 
relation to available nitrogen and carbon. Bot. Gaz. 87: 
81-118. pi. 1-4. 9 F 1929. 

Refiners, H. Beitrage zur Kenntnis der sudamerikanischen 
Gentianaceen. Bot. Jahrb. 62: 321-337. 1928. 

Describes new species in Gentiana (6) and Halenia (1). 

Richards, B. L. White-spot of alfalfa and its relation to irriga¬ 
tion. Phytopathology 19: 125-141./. 1-10. F 1929. 

Rigg, G. B., & Cain, R. A. A physico-chemical study of the 
leaves of three medicinal plants in relation to evergreen ness. 
Am. Jour. Bot. 16; 40-57./. 1 - 9 . “Ja 77 12 F 1929. 

Rosen, EL R., & Groves, A. B. Studies on fire blight: host range. 

Jour. Agr. Res. 37: 493-505. /. 1-5. “15 O 77 N 1928. 
Rydberg, P. A. Genera of North American Fabaceae—V. 
Astragalus and related genera. Am. Jour. Bot. 15; 584- 
595. pi. 44, 45. “D 1928 77 10 Ja 1929. 

Rydberg, P. A. (Rosales) Fabaceae Galegeae (pars). North Am. 
Flora 24: 251-314. 19 F 1929. 

Includes descriptions of Gynophoraria, Lonchophaca and Batidophaca, 
gen nov., and of eight new species. 

Schaffner, J. EL Heredity and sex. Ohio Jour. Sci. 29: 1-26. 
“Ja 77 12 F 1929. 

Schaffner, J. EE. The occurrence of three and four-angled 
branches in Equisetum arvense. Am. Fern Jour. 19: 24-26. 
Ja 1929. 



224 


BULLETIN OF THE TORREY CLUB 


|VOL. 56 


Schulz, E. D. Texas wild flowers, i—xi, 1-505. Must. Chicago, 
Laidlaw Bros., 1928. 

Shippy, W. B. An inexpensive and quickly made instrument for 
testing relative humidity. Bot. Gaz. 87: 152-156./. 1-3. 
9 F 1929. 

Skutch, A. F. The capture of prey by the bladderwort. A 
review of the physiology of the bladders. New PhytoL 
27: 261-297. pi. 9+f. 2, 2. 31 D 1928. 

Small, J. EL Peninsula Delmarva. Jour. N. Y. Bot. Gard. 30: 
62-71./. 3-6. Mr 1929. 

Smith., L. B. A new form of Erythronium americanuni. Rhodora 
31:36. 27 F 1929. 

Smith, W. EL, & Harrington, J. B. Wheat albinos. Jour. 

Heredity 20: 19-22./. 10. Ja 1929. 

Sorokin, H., & Sommer, A. L. Changes in the cells and tissues 
of root tips induced by the absence of calcium. Am. Jour. 
Bot. 16: 23-39. pi. 1-3. “Ja” 12 F 1929. 

Soth, Mrs. ML E. Variable plant forms. Am. Bot. 35: 5-7. Ja 
1929. 

Sparrow, F. EL, Jr. A note on the occurrence of two rotifer- 
capturing Phycomycetes. Mycologia 21 : 90-96. /. 1. 
1 Mr 1929. 

Stamm, A. J. The capillary structure of softwoods. Jour. Agr. 

Res. 38: 23-67./. 1-10 . ‘T Ja” Mr 1929. 
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Morphogenesis in Polysphondylium 
R. A. Harper 
(with plates 5-9) 

The problems of morphogenesis are at least becoming more 
clearly formulated. The new evidence of the effectiveness in 
plants as well as animals of form and growth determining stimuli 
transmitted by specific cell products (Went, 1927 ) puts the con¬ 
ceptions of cellular and tissue interactions on a much more defi¬ 
nite basis. With the tendency to recognize the so-called mechan¬ 
ism of heredity as adequately elucidated, it is recognized also that 
the solution has so far yielded relatively little in the way of data 
as to the processes by which the chromosomal factors in the egg 
come to expression and determine the characters of the adult or¬ 
ganism. Real progress has been made. In place of the simple 
factor per character, or the even simpler presence and absence 
conception, it is now sometimes assumed that all the factors may 
influence all the characters. This is an advance toward a recog¬ 
nition not only of the real complexity of the problem but also of 
the facts of correlation, of the interrelation of the parts, in the 
make-up of the organism as a whole, as contrasted with the 
conception of organic unity as being nothing more than the 
chance aggregation of hard and fast unit factors—the Anlage 
of specific unit characters. 

The general facts of the life history and method of building 
the sorocarps of Polysphondylium are well known from the 
studies of Brefeld ( 1869 ), Van Tieghem ( 1880 ), Olive ( 1902 ), 
and others. I have endeavored by a more detailed study of the 
activities of the myxamoebae and the pseudoplasmodium to dis¬ 
cover the morphogenetic factors involved in their behavior and 
the building of the mature plant with its differentiation of soma 
and spore plasm. I have, as with Dictyostelium ( 1926 ), en¬ 
deavored to bring out the essential facts in a series of photo¬ 
graphs. The quality of these photographs leaves much to be 
desired. The excuse for this is, again, the inherent difficulty of 
the material All the figures of mature plants were made from 
petri dish dung agar cultures photographed from above, the 
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plants having- curved over sufficiently to permit getting the low 
magnification views as shown. 

In its structural specialization Polys phondylium goes a step 
farther than Dictyostdium . Its sorocarps show secondary lateral 
elements or branches, as well as the central axial stipe and ter¬ 
minal sorus characteristic of Dictyostdium . As in the eormo- 
phytes these branches are essentially replicas of the central axis 
on a smaller scale and with changed tropistic response. The de¬ 
velopment here, as has been shown for the Boston fern, is one 
of reduplication of parts (Benedict, 1916 ), or homoeosis (Bate¬ 
son, 1894 ). Another step would naturally be the development 
of tertiary and further successively subordinated series of branch- 
lets. Such types are known in the Thamnklieae and various 
other, groups of fungi and in Caulerpa and many other algal 
forms. Uittien ( 1929 ) has recently pointed out that there is 
correlation in very many cases between the type of venation in 
the leaf and the type of branching of the inflorescence, a phe¬ 
nomenon which suggests that the physical background underly¬ 
ing such phenomena as homoeosis may also be common to both 
determinate and indeterminate growth forms. 

As in my study of Dictyostdium, I shall call the completed 
plant the sorocarp; its main axis, the stipe or sorophore; the 
terminal and lateral spore masses, sori. For convenience, with¬ 
out implying morphological equivalence, we may call the points 
of origin of the whorls of branches nodes, and the segments of 
stipe between the nodes the internodes; node and internode con¬ 
stitute a phyton (Gaudichaud, 1841 ). The portion of the stipe 
between the uppermost whorl of branches and the terminal sorus 
we may call the terminal segment. The pseudoplasmodial mass 
after it has left the substratum and is building the stipe and 
branches we may call the sorogen or sorogenic mass. The form 
changes by which the myxamoebae fit themselves together in 
building the stipe with its evenly tapering outlines, dense paren¬ 
chyma-like structure, and curves developed to maintain its balance, 
we shall regard as before as involving morphallactic transforma¬ 
tions in cell form. The creeping, definitely oriented transloca- 
t°ry movements, by which the myxamoebae move upward to 
build the stipe and outward to build the branches we may call 
respectively anallactic and diallaetic amoeboid movements. 
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I shall,, for convenience, consider these pseudoplasmodial types 
in which the mature plant shows a clear differentiation of soma 
and germ plasm as semi-coenobes. I have elsewhere ( 1926 ) 
discussed the evidence that such forms illustrate at least transi¬ 
tion stages between protophytes and metaphytes. For conven¬ 
ience, also, I shall distinguish the processes of cell enlargement 
by food assimilation and cell multiplication by division as re¬ 
spective!)’ mass growth and census growth. That both morphoge¬ 
netic and intracellular cell differentiation resulting in organogene¬ 
sis and histogenesis are phenomena that can advantageously be 
considered in a special category of life processes, distinct from 
growth in size, is well shown in the life history and development 
0 f Polysphondyliiim. 

Structure of the mature plants. Before describing the growth 
and morphogenetic processes by which the plants are formed, 
we may note the general facts as to their appearance, symmetry, 
size-relations, etc. The range of variation in size, number of 
branches, and general proportions of the plants of Polysphondy- 
lium is comparable to that in the higher fungi and algae and in 
the seed plants. This is shown in the figures of plate 5 , which 
are chosen to give an idea of the apparently fluctuating variability 
of the sorocarps as they develop on dung agar in petri dish cul¬ 
tures. I have so far not attempted to isolate races by selection 
and propagation of the various types which appear in such popula¬ 
tions. The species with which I have worked is apparently 
P.violaceum Bref. My material was obtained from cultures of 
rabbit dung on garden soil as described by Krzemieniewscy 
(1927). 

As is well known, Polys phondyliiim may produce simple un¬ 
branched sorocarps and occasionally Dictyostelimn is branched. 
However, the branched colonies of Dictyostelimn which I have 
seen are of the type shown in my figures 5 and 6 , plate 6 ( 1926 ), 
in which it is possible that the branch was not developed as a 
segment from an apical sorogenic mass but was formed by a 
second colony of myxamoebae which crept up the stipe of an al¬ 
ready completed sorocarp to a point favorable for the formation 
of its own plant body and then developed what appears to be a 
branch. Olive ( 1902 , p. 480 ) speaks of branches of Dictyostelimn 
formed in both ways. Unbranched forms of Polysphondylium 
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(pi. 5, figs, i, 2) are much more common in my experience 
than are branched forms of Dictyostelium. These unbranched 
forms may occur in the same petri dish culture mingled with 
others which have reached the full normal development' with 
eight or ten whorls of branches. They in general are to be re¬ 
garded as diminutive or slender forms, though well proportioned 
as to tapering of stipe and size of sorus. The relative number 
of cells in the stipe is obviously larger than in the case of the 
plants with many branches. Figure 3 shows a sorocarp with 
only a single lateral branch which was apparently formed from a 
segment of the terminal mass though its development was not 
seen. Its size both as to length of stipe and diameter of sorus 
suggests that it represents perhaps the simplest possible expres¬ 
sion of the tendency to form whorls of branches on the main 
axis. The diameter of the lateral sorus as compared with the 
terminal sorus is a little large, about 1 :i. 6 , instead of the general 
average of about 1 : 2 . The entire height of this sorocarp is not 
shown, as the base of the stipe was hidden by the substratum. 
I have occasionally seen sorocarps with a single lateral sorus 
having a very short stipe or no stipe. Such a case is shown in 
figure 4 . In figure 1 , there is also a small lump about half way 
up the stipe which may be a mass of slime, or may contain 
amoebae. 

Figure 5 shows a sorocarp with a single whorl of three 
branches, and perhaps more normal proportions, though here 
again the full length of the stipe is not shown. The average 
diameter of the lateral sorl compared with that of the terminal 
sorus is about 1 to 2 . The relative length of the terminal seg¬ 
ment of the stipe to that of the branches is of the same general 
order here as in the more branched sorocarps shown in figures 
8 , 9 , and 14 , 15 , 16 . 

The branched sorocarp in figure 6 shows a form with the 
terminal segment unusually short, giving the plant a stunted ap¬ 
pearance as compared with the more common forms. Such types 
are quite unusual Figure 6 shows also a simple unbranched soro¬ 
carp ( 6 b) arising from nearly the same region of the substratum 
from which the branched sorocarp ( 6 a) arises. This close associa¬ 
tion of sorocarps is not uncommon in my cultures, and frequently 
at least the unbranched sorocarp is formed later. Figure 7 shows 



1929] 


harper: morphogenesis in pqlysphondylxum 231 


a plant with two nodes, the upper one with a single branch, the 
lower one with three branches. Figure 8 shows another plant 
with two whorls, the lower with three and the upper with two 
branches. The internode is relatively short and the terminal 
segment much longer than the internode, and the latter is also 
relatively much longer than the terminal segments in plants 7 
and 10 . Figure 9 shows a plant with two whorls of four branches 
each, the relative lengths of the internode and the terminal 
segment being more nearly normal. Figure 10 shows a rather 
normally proportioned plant with two whorls of branches, four 
branches at the lower node and three at the upper. 

The plant shown in figure 11 has a fairly symmetrical de¬ 
velopment, with the number of branches in the whorls counting 
from below 3 , 3 , 4 , 4 , 1 . The apical and basal whorls show 
fewer branches than those in the midregion. .On the other hand, 
figure 13 shows a plant with an irregular distribution of branches, 
the numbers being, counting from below, 3 , 1 , 2 , 4 , 4 , 4 , 4 , 3 . 
Figure 12 shows a plant with unusually numerous branches in 
the lower whorls. The series of whorls of branches shows 2 , 1 , 
6 , 6 , 5 , 5 , 5 , 4 . The average number of branches per whorl for 
this plant is 4 . 25 , against 3 . 1 + for all the plants shown on plate 
5 . The whorl of branches at the third node from the base is 
strangely one-sided instead of radial, five branches extending more 
or less to the right of the stipe and only one to the left. Varia¬ 
tion in the length of the branches and the size of the sort they 
bear is conspicuous. The fourth and fifth nodes from the base 
each have one branch very much shorter than any of the others, 
and they bear correspondingly diminutive sori. 

The plant shown in figure 14 is quite symmetrical in its form. 
It has two branches in the ba-sal whorl and one in the apical 
whorl, with five median whorls of three branches each. Figure 
15 has an unusual combination, with its lower three whorls show¬ 
ing two branches each and its upper four whorls with three 
branches each. Figure 16 shows the plant with the largest number 
of whorls in a single series which we have yet photographed. It has 
eleven whorls of branches, with the number of branches per 
whorl from the base up 4 , 4 , 3 , 4 , 3 > 3> 2 > 2 > 4 , 3 * 3 * 

The range and general character of the variations in such a 
series of semicoenobic plants as noted above is in general quite 
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comparable to the diversity in form and general proportions in 
higher plant types and in view of the nature of the morphogenet¬ 
ic processes by which these forms are produced this similarity 
in end results is notable. We have small plants of relatively 
normal (fig. 10 ) and stunted (fig. 6 a) habit. We have average 
sized plants with a tendency to regularity in form and the nu¬ 
merical distribution of their parts (fig. n) and others with 
notable irregularities in these particulars (figs. 13 and 16 ). The 
difficulties in getting the plants properly placed for photograph¬ 
ing make it difficult to bring out adequately these facts as to their 
general habit, 

TABLE 1 

Relative dimensions of the parts as shown in a scries of 


twcnty-eight plant's 

Ratio of average height to first whorl of branches 

to average total height 1 : 2 

Ratio of average length of terminal segments 

to average total height 1 : 3-8 

Ratio of average length of internodes 

to average total height ■ 1 : 5.3 

Ratio of average diameter of terminal sori 

to average length of terminal segments 1 : 4*5 

Ratio of average diameter of lateral sori 

to average length of branches 1 : 2.5 

Ratio of average diameter of lateral sori 

to average diameter of terminal sori 1 : 1.9 

Ratio of average diameter of terminal sori 

to average total height of branched plants 1 117,1 

Plants with no branches 
Ratio of average diameter of terminal sori 

to average height of plants 1; 10 

Ratio of average height of unbranched plants 

to that of branched plants 1 ; 2.6 

Ratio of average diameter of terminal sori of unbranched plants 

to that of branched plants 1 : i.(, 


The percentage distribution of cells to soma and germ tract 
tends, more or less, to be preserved whether the colony is large 
or small. This is all the more remarkable since the determination 
is apparently achieved at the time when the base of the stipe is 
being formed. It seems likely, however, that in the long run 
the relative number of amoebae massed together at the time the 
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stipe base is started is a fair index of the number that will 
probably be present in the later stages of differentiation of the 
sorocarp. 

The most constant dimensional elements are the distances be¬ 
tween the whorls of branches, the relative length of the branches 
in successive whorls, the distance between the last whorl of 
branches and the terminal sorus, and the relative diameters of 
the lateral and terminal •sori. The terminal sorus is always 
larger than any one of those on the lateral branches. The sori on 
the branches of a whorl vary in size with the length of the branch 
which bears them. Certain of these dimensional relations as 
measured with the horizontal microscope on 28 sorocarps grown 
in small test tubes are given in table 1 . 

There is perhaps a tendency to form fewer branches in the 
basal and apical whorls, though this by no means always comes 
to expression. Six plants shown in plate 5 (fig. 7 , 8 , 11 , 12 , 13 , 
14 ) have fewer branches on the terminal node than on the one 
next below. In sixteen plants from a single culture, whose num¬ 
ber of whorls varied from three to eleven, the average number 
of branches on the basal node w T as 2.5 + , on the distal node was 
2 . 8 +, while the average for the remaining nodes was 3 . 6 . The 
larger sorocarps may have as many as fifteen whorls of branches. 

Free swarming and aggregation stages . The myxamoebae 
may be quite different in appearance at successive stages in their 
development. Figure 17 shows them moving rather sluggishly in a 
hanging drop dung agar culture, and tending to remain about 
isodiametric in their general outlines. In figure 18 they appear 
more slender and elongated and are creeping about somewhat 
more actively, though not showing any evidence of a concerted 
movement in a specific direction. 

I have worked for the most part with richly nourished cul¬ 
tures of Polysphondyli 11 m, in which the amoebae become very 
numerous within the first twenty-four hours. In such cultures 
when they come to maturity the myxamoebae very soon form 
thick dense strands converging on the site of the future soro¬ 
carp. In such streaming strands the movements of the individual 
myxamoebae cannot be followed. Rivers of myxamoebae extend 
frequently for long distances across the culture medium. In 
petti dish dung agar cultures of Polysph 0 ndylinm I have ob- 
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served no tendency to the choice of any 'Specific type of loci for 
the formation of the sorocarps. In my hanging drop cultures of 
Dictyostclium the sorocarps were quite commonly formed at the 
edge of the culture liquid. When the surface of the medium is 
scratched and a furrow made by the inoculating needle many of 
the first formed sorocarps of Polysphondylhwi are in or near 
this roughened region. This makes difficult the microscopic 
study and photographing of the base of the stipe in such cases. 
In well-developed cultures, however, the sorocarps are rather 
evenly distributed throughout the area of the petri dish. There 
is no evidence of the formation of concentric zones of sorocarps. 
Their development from day to day is in quite irregular and 
patchy groups. 

In the case of Dictyostclium my cultures were made and fig¬ 
ures of the aggregation stages chosen to illustrate the behavior 
of the free amoebae as they collect to form the sorocarpic mass 
( 1926 , plate 7 , figs. 17 - 22 ). Such stages were relatively neglected 
by the earlier workers. For Polysphondylinm I have photo¬ 
graphed the more massive pseudoplasmodia as they flow together 
to start sorocarp formation. My observations confirm in general 
the data given by Brefeld ( 1884 ) and Olive ( 1902 ). Stages in 
the process of aggregation to form sorocarps are shown in figures 
19 , 20 , and 21 . 

Figure 19 shows the central portion of a rather symmetrical 
radially well-developed pseudoplasmodium in which the young 
sorocarp is merely a central mass toward which the radiating 
streams of myxamoebae are creeping. There are about ten main 
elements in this converging system. Each of these is made up by 
confluence of smaller streams. The larger of these strands meet 
as a rule at angles of less than 45 0 . There are, however, especi¬ 
ally toward the center, many smaller laterals which may enter the 
main streams at angles of 6 o° to 8 o°. Anastomoses between the 
smaller branches are not uncommon. 

Figure 20 shows the central mass developed further into an 
upwardly extending conical or cylindrical column. The end of 
the cylinder is enough out of vertical so as to appear in the 
photograph, taken from above, as a dark, short, finger-like stub 
projecting upward in the figure. About ten main converging 
streams are shown in this figure. The confluence of smaller 
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streams to make these larger pseudoplasmodial elements is shown 
as in figure 19 . The fringe-like, smaller streams coming into the 
large streams at wider angles are not so much in evidence. The 
main streams hence appear more clean-cut. As only the central 
region of the system is included in the figure, the peripheral 
shortening of these main streams as a result of the centripetal 
flowage is not shown. Figure 21 shows the same pseudoplasmo 
dium which is shown in figure 20 , more highly magnified and a 
few minutes later. Various minor differences in the smaller 
branches can be made out, though the general configuration is 
unchanged. 

Figure 22 1 shows a young sorocarp further advanced in its 
development, but with the outlines of the pseudoplasmodium 
which formed it still plainly shown on the substratum. The 
young sorocarp forms a somewhat S-shaped curve, and is suffi¬ 
ciently out of the vertical to make possible the photograph as 
shown, looking down on the culture from above. 

The whole system of pseudoplasmodial branches in this case, 
as happens many times, was quite one-sided. The streams of 
myxamoebae formed a watershed-like system of many stream 
lines, thinning out and branching repeatedly toward their extremi¬ 
ties. As noted, the streams of myxamoebae leave paths or fur¬ 
rows in the agar medium which persist after all the amoebae 
have reached the central mass. At the magnification used in these 
particular figures it is not always easy to be sure in the photo¬ 
graph whether a given converging element in such a system is 
made up of the streaming amoebae themselves or is merely the 
track they left in the agar. In either case the orientation of the 
converging streams is correctly indicated. In the present case 
(fig. 22 ) the pseudoplasmodial outlines, for the most part, at 
least, merely mark the paths made by the streams in the agar; 
while the pseudoplasmodial mass itself has now become largely, 
if not wholly, the young slightly S-shaped sorocarp. The nature 

1 This particular figure is confused by the presence of the lower por¬ 
tion of the stipe of another completed sorocarp which has its base a little 
above and to the right of the one which is being formed. This segment of 
stipe appears as the thick, black line curving in a wavy direction downward 
to the base of the figure and gradually going out of focus. It has no rela¬ 
tion to the sorocarp under consideration. 
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of the morphogenetic process as one of cell translocation and not 
of growth is thus sharply visualized. The branching slimy fur¬ 
rows which the streaming* mass left behind persist for some time 
in the substratum. The pseudoplasmodial mass of cells has trans¬ 
formed itself by specifically oriented synallactic creeping move¬ 
ments into the more or less erect columnar young sorocarp. From 
the standpoint of the stimuli involved there is here exhibited a 
sort of centrotropy whose expression may be compared to the 
Siichbewegungen of the elements of the higher plants, as Janse 
has recently distinguished them ( 1927 ). The obvious distinction 
to be recognized is that the movements of tendrils, twining 
stems, growing points, etc., involve no extensive changes in the 
spatial interrelations of the cells of which the moving parts are 
composed. The advance of a root tip is due to the specifically 
oriented enlargement of the daughter cells and their division, 
when mature, in specially determined planes. It is a matter of 
growth movement; but the distinction between such oriented 
growth movements and creeping movements is largely one of 
degree. The wanderings of the free amoebae on the substratum 
in their growing stages (figs. 17 and 18 ) necessitate extensive 
creeping, specifically oriented translocations, in order to bring 
them into the mutually compacted relations which the root cells 
never lose. That in both cases the movement is the expression 
of the oriented activities of the individual cells as such is ob¬ 
vious in the light of the phenomena in Polysphondylium. The 
stimuli which determine this centripetal migration, while difficult 
to determine specifically, are clearly not from the physical en¬ 
vironment in even the degree suggested for Dictyostelinm , in 
which the locus for a sorocarp and the direction of flowage 
are frequently at least, as noted, toward the drier margins of 
the culture medium. The stimuli are obviously attractions for 
each other existing between the amoebae and are in some degree 
at least proportional to the mass of amoebae in any given direction 
from the moving stream. The reactions to the stimuli are in their 
expression centrotropic. 

That the individual amoebae are able to trail each other by 
chemical stimuli or physical stimuli from slime, etc., even when 
not in contact, is clearly suggested in my photographs of the 
aggregation phases in Dictyostelinm . There is probably no reason 
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for assuming the existence of any other factors of stimulation 
in the case of the pseudoplasmodial flowage shown in figures 
19 - 22 . Much less is there any reason for assuming any super¬ 
chemical or physical stimuli or the action of organizing or regu¬ 
lating principles associated with the multicellular organismal con¬ 
ditions resulting from the aggregation of the myxamoebae. The 
behavior of the pseudoplasmodium as a whole is the sum of the 
behaviors and reactions of the individual myxamoebae. 

Stipe and branch formation. In my cultures the pseudoplas¬ 
modium commonly frees itself from the substratum rather early 
and proceeds upward as a cylindrical mass, building the soro- 
phore to quite a height before branch formation begins. In other 
cases, as seems more common in Dictyostelium, this terminal mass 
remains connected for some time by a long strand or river of 
amoebae flowing up the newly formed stipe and extending below 
into the similar streams of amoebae creeping toward the base of 
the forming sorocarp. In typical cases before branch formation 
begins the whole mass of myxamoebae is aggregated in a terminal 
cylinder, the sorogen, at the apex of the forming stipe. 

The stages at which the sorogenic mass is just freeing itself 
from the substratum are naturally very difficult to photograph 
in petri dish cultures, since the young plants rarely bend over 
sufficiently to give a side view from above the culture. Figure 23 
shows a stage in which the stipe has reached a length about twice 
that of the apical sorogen which is building it. In this case there 
is no stream of amoebae at this stage connecting the sorogen with 
the substratum. 

The sorogen is cylindrical, narrowed toward its base, and 
almost papillate at its apex, as is well shown for a later stage 
in figures 25 and 26 . This is typical for Polysphondylium, and 
the further development of the sorocarp consists in the elonga¬ 
tion of the stipe and the metamorphosis of the apical mass into 
the whorls of branches and the apical sorus. The length of the 
stipe, before branching begins, varies greatly and is probably 
more or less influenced by environmental conditions. It is diffi¬ 
cult to get exact measurements of its length in petri dish cultures, 
but as noted above, measurements of 28 plants with the horizontal 
microscope indicate that the height of the stipe to the first whorl 
of branches is about one half of the total height. 
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The process of building the branches consists in the beginning 
in abstricting a thick, ring-like, duster of myxamoebae from the 
base of the sorogen. Figure 24 shows such a mass already left 
some distance behind by the further advance of the sorogen. 
Such ring-shaped clusters I shall call, for convenience, segmental 
masses. They are successively produced in metameric order until 
all the whorls of branches are provided for. As many as six such 
masses may be cut off before the first has completed its differen¬ 
tiation into a whorl of branches (fig. 34). 

The first indication of the cutting off of a segmental mass 
is the appearance of a rather broad constriction toward the 
base of the sorogen. This is well shown in figure 26, which 
represents a young sorocarp with three segments cut off and left 
behind in serial order and the fourth just forming. The abstrac¬ 
tion of such a segmental mass suggests cleavage of the cellular 
aggregate into two unequal parts—the larger part continuing to 
build the stipe upward, while the smaller remains behind to form 
the whorl of branches. The broad constriction formed does 
not, however, suggest the sharp cleavage furrows found in the 
cutting up of the aethalium of a slime mold or the sporangia of 
the Mucorineae into spores. It seems more probable that what is 
taking place here is a sort of catenoidal break-up of the viscous 
colloidal sorogen, due to the successive lagging behind of masses 
of myxamoebae at its basal end. The myxamoebae at the apex 
of the stipe continue to build it higher. Those at the basal end 
successively reach a stage at which they cease to advance and 
the two groups separate as a result of the pull from above, with 
the more rigid stipe affording a support to which the passive 
basal mass is left adhering. Such serially disposed segments as 
are shown in figures 25, 33, and 34, suggest the catenoidal series 
of droplets into which a somewhat viscous thread will break up 
when submitted to longitudinal strain. The obvious difference 
here is that the stipe remains as a string on which the catenoidal 
beads are strung. Two successive stages in the process of con¬ 
striction are shown in figures 25 and 26. In figure 25 the 
narrowing is barely visible but a little later, as shown in figure 
26, the broad shallow furrow is well marked. The proximal 
slope of the furrow tends to be ridged, indicating that the myxa¬ 
moebae of the segmental ring are already beginning to draw to- 
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gether and form a more rounded mass. The segmental mass 
when first cut off is typically spindle- (fig. 24) or top-shaped 
(figs. 25 and 26, the upper segment), but the amoebae immediately 
tend to draw together, reducing its surface of contact with the 
stipe. Very soon projections appear on the surface of the seg¬ 
mental masses, indicating the beginning of branch formation, and 
if successively older segments are compared the stages in the pro¬ 
cess may be followed on the same sorocarp (figs. 32 and 34). 

It happens very frequently, as a result of the changes and 
disturbance incident to photographing, that the young sorocarps 
lop over so far that the sorogen comes in contact with the sub¬ 
stratum. This situation leads at once to a very specific auto- 
regulative reaction. The myxamoebae of the sorogenic mass at 
the point of contact with the substratum turn about and begin 
to once more build the stipe more or less vertically upward from 
the new point of support as they did from the initial point at the 
beginning of sorocarp formation. If the disturbing condition is 
recurrent this process may be repeated, resulting in a sort of 
successive looping down of the stipe resembling the stoloniferous 
growth of the common breadmold, Rhizopus stolonifer. 

This characteristic morphogenetic reaction does not, however, 
prevent The normal process of sorus-formation. If branching 
has not begun it is delayed until anallactic migration in the new 
direction has carried the sorogen to the necessary distance from 
the substratum, when it begins to form the segmental masses and 
continues development until the sorocarp is complete or the process 
is interrupted by a repetition of the . toppling over and contact 
with the substratum. If branching is already under way when the 
whole plant bends over a most characteristic situation develops, 
illustrating with the greatest clearness how an aggregate of free 
individual cells on the emergence of a new situation can alter 
their behavior to meet the new conditions with all the definite- 
* ness of the most highly integrated systems of tissues and organs. 
The new set of, in this case, spatial interrelations induces the 
substitution of a new specifically different set of reactions in 
the system; and this happens in a system of elements the cell 
units of which are entirely equivalent and totipotent both in their 
visible appearance and their reaction potentialities. Such possi¬ 
bilities in behavior we have been inclined to assume imply a 
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high degree of visible integration, and constitute one of the main 
supports of organismal hypotheses and the assumption of integ¬ 
rating principles. The series of stages in the development of a 
single sorocarp, which are shown in figures 27 to 31, illustrate 
such a situation. The pictures were taken at intervals of from 
ten to twenty minutes. In the stage shown in figure 27 three seg¬ 
mental masses have been formed. The sorogen, which has been de¬ 
veloping soma (stipe) at its apex and abstricting segmental masses 
at its base in a definite rhythm, now intermits completely the 
latter process while continuing the former. The cellular mor- 
phallactic form adjustments, by which the smoothly tapering stipe 
was being formed and*at the same time its balance maintained 
and its elongation directed away from the substratum, sud¬ 
denly swing the axis of elongation of the stipe through an 
angle of upwards of 90° and thus tend to regain the orientation 
vertical to the substratum. It is to be noted that this is accom¬ 
plished equally well in either erect or inverted (hanging drop) 
cultures. The bend in the stipe is smoothly rounded, showing 
the utmost nicety of adjustment between the molding cellular 
interactions by which the tapering form of the stipe is maintained 
and the cellular response to changed environment by which the 
new direction of elongation is achieved. The whole procedure 
simulates in all superficial features a growth curvature and yet 
there is no growth in number of cells or mass of assimilated 
materials. The whole process is one of coordinated creeping, 
anallactic movements, anaphytosis (Schultz-Schultzenstein, 1861), 
of individual cells and morphallactic changes in their form as they 
fit themselves together to build the stipe. All three segments are 
still in the early stages of development as merely thick, massive, 
ring-shaped groups of myxamoebae encircling the stipe. Mean¬ 
while, the whole plant has lopped over. The sorogen has come 
in contact with the substratum and has at once begun to bend 
up in a new direction of anallactic migration by the amoebae. In < 
figure 28 the new axis of advance is well fixed and the sorogen 
is smoothing out into its normal form. The region of contact 
of the sorogen with the substratum is conspicuously marked by 
an oblong depression in the agar medium filled with slime and 
with a rounded thickened mass at the end from which the stipe 
extends upward. In figure 29 the sorogen is still nearer the ver- 
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tical and has raised itself from the new point of departure by 
a stipe which is about one-fourth its own length. In figure 30 
the new segment of stipe is about the length of the sorogen, and 
in figure 31, fifteen minutes later, it is a little longer than the 
sorogen. 

In this series of stages the myxamoebae of the sorogen have 
thus carried out a characteristic and highly adaptive tropistic re¬ 
sponse by which, after having toppled over and come in contact 
with the substratum, they have attained a new foothold, turned 
upward and in large part regained their normal direction of mi¬ 
gration under the influence of geotropic and hygrotropic stimuli. 
If we turn now to the behavior of the myxamoebae in the three 
earlier formed segmental masses, we find an equally specific sit¬ 
uation. While the amoebae of the sorogen have changed their 
behavior under the changed conditions, the amoebae of the seg¬ 
mental masses proceed with their morphogenetic processes quite 
uninfluenced by the new space relations of the system taken as a 
whole. They have proceeded with the same radially oriented 
movements as if there had been no change in the orientation of 
the stipe on which they are borne; that is, they have formed 
branches radiating from their position on the stipe as a center. 
The orientation of their migratory movement with reference to 
the stipe is unchanged, though it is now widely different in re¬ 
spect to the substratum and other environmental surroundings 
than it would have been if the plant had not bent over. The 
sorogen has shown itself specifically plastic in the determination 
of its reaction in accordance with its position in its external en¬ 
vironment. The segmental masses made of amoebae, differing 
from those in the sorogen only by position in the system, show 
themselves specifically fixed in their morphogenetic reactions re¬ 
gardless of changes in position with relation to the external en¬ 
vironment. Such reaction complexes are of course common 
enough in other plants and have their interest here from the fact 
of their being so conspicuously matters of cell behavior even 
though the cells are aggregated in specifically organized colonies. 

The process of leaving behind such segmental masses is 
rhythmically repeated until the mass of the sorogen is reduced to 
about the volume necessary to make a single segmental mass. 
When this stage is reached the stipe is built on further to some- 
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thing more than one and one-third times the length oi an ordi¬ 
nary internode (table i) and the remaining group of myxamoebae 
rounds up to form the terminal sorus. The lengths oI the suc¬ 
cessive internodes tend to be about equal for sorocarps under 
constant conditions but wide divergences from type are found in 
petri dish cultures which are subjected to the disturbances of 
study and photographing. 

The formation of a whorl of branches involves first the 
localization, in the segmental mass of centers for lateral stipe 
formation. These are more or less symmetrically placed about 
the stipe, and as noted above vary in number from one to five or 
even six. The segmental mass is too dense to permit direct ob¬ 
servation of the first aggregation of myxamoebae to form the 
basal groups of these stipe laterals. The important fact morpho- 
genefcicallv is that the amoebae have in erect cultures changed 
their tropistic reactions so that they creep out radially from the 
stipe. With relation to their earlier orientation they have be¬ 
come plagiotropic. The sorogenic mass from which they have 
separated continues negatively hygro- and geotropic and builds 
the vertical stipe still higher. The segmental mass at first draws 
together but almost at once begins to build radially placed lateral 
stipes. The process in its response relations is the same as in the 
case of any radial and metameric system of branches in the 
higher plants. 

The branches appear first as projections of the segmental 
mass. If three branches are to be formed it becomes triangular in 
outline; if the whorl is to consist of four branches the segmental 
mass becomes four-cornered as viewed from above. The number 
of branches to be formed is at once indicated by the plastic change 
in form of the mass of myxamoebae as shown in figures 28, 32 
and 34. The side view is not favorable for bringing out these 
forms in photographs but illustrations of two, three, and four 
lobe'd forms can be recognized without difficulty in the figures. 
That these form changes in the segmental masses are really de¬ 
termined by the formation of the lateral stipes in their interior is 
obvious from the shapes assumed. Each young branch rudi¬ 
ment is a blunt but tapering papilla rather than an oval swelling. 
The extension of the slender solid stipe within the plastic mass 
determines the shape of the projection of which it is the support- 
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ing axis. The stipe is built on in advance of the movement of 
the great mass of the myxamoebae. Its elongation is determined 
by the morphallactic form adjustments achieved by the myxamoe¬ 
bae at its apex. A little later the segmental, ring-like mass of 
myxamoebae in the upper whorl of the sorocarp shown in figure 
29 is seen to have been thus transformed into three oblong cyl¬ 
indrical finger-like projections diverging from the stipe as a 
center. 

Very soon, as in the lower two whorls in figure 29 and in all 
three whorls in figure 30, the lateral stipes become exposed in 
their proximal portions and the myxamoebae form lateral soro- 
genic masses which rapidly push their diallactic migrations to 
completion and form rounded sori. The segmental masses shown 
at the three nodes in figure 28 are destined to produce respectively 
two, one, and three branches, and this is already indicated in 
their form as shown in the figure. As the lateral sorogenic masses 
push away from the central stipe, considerable masses of slime 
are left as anchorage for the branches on the central stipe. The 
outlines of these slime masses are surface tension curves deter¬ 
mined by the viscosity of the slime and its adhesion to the central 
stipe and the bases of the lateral stipes, as shown in figure 6, plate 
6, in my former paper (1926). 

The process by which any one branch of a whorl forms itself 
from a portion of the segmental mass is the same in principle as 
that by which the central stipe or axis is formed from the pseu- 
doplasmodiimi. The branch is a lateral element attached by slime 
to the main axis just as the main axis is attached to the substra¬ 
tum by slime. As Brel eld’s and. Olive’s figures show, there is 
no tissue connection between branch and stipe such as is found 
in the branching of algae and fungi generally. I11 this respect 
the conditions suggest an analogy with the false branching in the 
blue-green algae, especially those in which the base of the branch 
is a heterocyst and hence in some cases somewhat enlarged and 
rounded. 

I have described in some detail and given measurements show¬ 
ing the rate of tapering of the stipes in Diclyosteliiim . The 
facts there brought out hold essentially for Polysfihondylium, with 
one exception. I have noted that i n Dutyosteliiim we can dis¬ 
tinguish three regions of the stipe as to their rate of tapering : 
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first, the basal region in which the diameter diminishes very 
rapidly; second, the median trunk region in which the tapering 
is very slight, one unit in diameter to 112 units in length ; third, 
the terminal region in which the tapering is again more rapid, 
1 to 67. In PolyspJiondylviim the median region with a quite in¬ 
conspicuous rate of tapering is relatively much longer. In the 
apical region the tapering is again more rapid. The base of a 
stipe, which in this case is quite irregular and is curved to one 
side, is shown in figure 35. The normal form is knob-like, or 
bulbous. The slime mass ■which anchors it to the substratum is 
well shown. Figure 36 shows a segment of the stipe of the same 
plant from the median region where, for long distances, the 
tapering is very slight. The cellular structure corresponds en¬ 
tirely with that in Dictyostelinm. 

In the extreme apical region within the sorus the tapering 
may become irregular and there may be a slight thickening, the 
cells becoming disk-shaped instead of vertically elongated as they 
are a little further back. This is well shown in figure 37. The 
morphallactic form adjustments of the cells are obviously less 
perfectly worked out as the process of building the stipe upward 
comes to a close, under the influence of the limiting factors re¬ 
sulting from the difficulty in maintaining the cell adjustments 
called for by the growing height and unsteadiness of the whole 
sorocarp system. A similar tendency to a failure of the morphal¬ 
lactic cellular responses at the apex of the stipe is seen in Dictyo - 
stelium (1926, pi 8, fig. 31) but hardly to the degree that it is in 
evidence in Polysphondylium. 

The form of the lateral stipes and their relations to each 
other and to the main axis can be seen in flattened out water 
mounts of the sorocarps. As noted, they are in the general 
method of their formation miniature replicas of the main stipe. 
The stipes of the branches taper much more rapidly than does the 
main axis, so that they may be quite club-shaped, as shown in 
figures 38 and 39. In these two figures, and in figure 41, the 
base of the branch is thicker than the main stipe at that point. 
In these water mounts the anchoring slime around the bases of 
the branches shows not at all or very faintly. The change In 
form of the cells, from isodlametric polyhedra at the base of the 
branch to flattened disks in the middle, and more or less elongated 
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cylinders toward the apex of these larger branches, is a very 
striking exhibition of adaptive morphogenetic determination, 
(figs. 38, 41, 43 ^d 44)- 

The apical load carried by the lateral stipe diminishes pro¬ 
gressively as the cells of the sorogen metamorphose themselves 
into cells of the stipe and presumably lose weight by drying and 
destructive metabolism. The stipe must of course carry its own 
weight as well as the weight of the sorus and considered as a 
static system the bending moment decreases from its base to 
its apex. 

In the basal portions of these branch stipes, formed while the 
lateral sorogen is still supported largely by direct adhesion to 
the main stipe, the outlines tend possibly to be more irregular and 
the taper less even, as is seen in figures 38, 39 and 41. The 
variations in size of the branches, both as to length, diameter 
at base, and rate of tapering, are well shown in figures 38-44. 
There is no doubt a correlation of these stipe dimensions with the 
size of the lateral sori. As I have- noted, the ratio of diameter 
of sori to length of supporting stipe is 1 *.2.5 for the lateral 
branches, and 114.5 for the terminal segment and its sorus. 
Branches may be not more than one cell in diameter from base 
to apex (figs. 44 and 45) and in such cases the cells change 
from thin flattened disks (in some cases twice as wide as high) 
to isodiametric segments of cylinders and, towards the apex, to 
forms two or three times as long as they are wide (fig. 44.) I 
have given data as to the changing relations of width and length 
of the cells in the stipes of Dictyostelium (1926, p. 253). The 
morphallactic adjustments by which these changes in the rate of 
tapering are brought about are much more accentuated in the 
branches of Polysphondylium, which taper so much more rapidly. 
The end cell or cells which are enclosed within the sorus, as in 
the case of the terminal sorus, may be in some cases less tapering 
or even somewhat thickened. 

The rate of taper in the stipes with strongly bulbous bases, 
such as are shown in figures 38 and 39, varies more rapidly in 
the basal region and is much more even in the region beyond the 
first quarter of the total length. If we divide the whole length 
of such a lateral stipe into segments, beginning at the base, the 
variations in the rate of taper in the successive segments can be 
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measured with such accuracy as the lines in the photograph per¬ 
mit. I have taken for the first segment the distance from the 
base of the lateral stipe to the point at which it attains its great¬ 
est width. The increase in width is relatively very rapid in this 
region. Beginning at this level of greatest width, I have divided 
the remainder of the stipe into segments of about equal length 
and determined the diminution in width for each. Table 2 shows 
the rate of tapering in a branch with strongly bulbous base, like 
those in figures 38 and 39, and the corresponding rate in a more 
slender branch with no markedly bulbous swelling at the base 
(figs. 43 and 44). 


TABLE 2 

Rate of taper in two lateral stipes differing ■ in the degree 
of development of the basal bulb 


A. 

WITH WELL 

DEVELOPED 

B. WITH THE BASAL REGION ONLY 


BASAL BULK 


SLIGHTLY 

BULBOUS 



Segment 

Rate of taper 


Segment 

Rate 

of taper 

I 

Increase 

1 : 6% 

I 

Increase 

i : 

I 

2 

Decrease 

1 : 2 % ■ 

2 

Decrease 

1: 

6% 

3 

(t 

1: 10 

3 

a 

1: 

20 

4 

u 

1: 20 
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1: 

40 

5 

a 

1 :ioo 

5 

it 

1: 

40 

6 

a 

0 

6 

u 

1: 

40 

7 


0 

7 

u 

1: 

40 

8 

it 

1: 40 





9 

Increase 

1 : 40 






As shown for lateral stipe A, the rate of taper changes rapidly 
in the bulbous region, segments one and two. It then narrows less 
rapidly, segments three, four, and five. In segments six, and 
seven there is no measurable taper. In the ninth segment there is 
a slight increase in the diameter of the stipe. 

As noted in many of the lateral stipes the basal bulb is by no 
means so strongly developed. In the particular case B shown in 
the table, the rate of taper is practically unchanged from segment, 
four to the apex. 

The unit bending stress on a branch diminishes from its base 
to its apex and its tapering form is an expression of the principle 
of economy in nature. The diallactic creeping movements of the 
amoebae in the lateral sorogen and the morphallactic form ad¬ 
justments by which the lateral stipe is built are all carried out in 
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progressive order under the influence of the graded differences 
in bending stress in such a system. The fact that the material 
for the elongation of the stipe comes from the sorogen, so that 
the whole system is developed progressively with a continuous 
change in the relative weight of stipe and sorogen, affords another 
graded series of changes in the barotropic relations at the focus 
of morphogenetic activity which may well be assumed to have 
form determining significance. 

Organic regulations. Polysphondylium, like Dictyostelium, 
is favorable material for the study of the processes by which 
teased up fragments of the pseudoplasmodium build new soro- 
carps. The process in its essential features is simply one of re¬ 
organization or reconstruction, with no regeneration of or sub¬ 
stitution for lost parts or repair of injury (reparation). Van 
Tieghem (1880) reported that when a young plant of Polysphon¬ 
dylium is teased or crushed out the amoebae separate and renew 
their vegetative growth and cell division. Later on they begin 
sorocarp formation anew. 

Olive (1902, p. 471) has described the formation of several 
fructifications from a single pseudoplasmodium when transferred 
to a fresh drop of nutrient solution. He does not, however, 
agree with Van Tieghem that in doing this the myxamoebae pass 
through a further stage of vegetative growth and reproduction. 
This disagreement may be due to differences in the age of the 
sorocarps which were used in the experiments. 

The process by which a fragment of a pseudoplasmodium 
builds a symmetrical new sorocarp is that of specifically oriented 
creeping movements, ordered translocations of the amoebae, and 
the molding of the individual amoebae together to form the stipe 
(soma) and the sori (germ plasm) of a new sorocarp. The 
stages in the transformation of such a mass of amoebae as one 
of those shown in figure 55 into the sorocarp shown in figure 
57 is strictly a matter of morphogenesis and resulting differentia¬ 
tion without either mass or census growth. Nothing is repaired, 
nothing is replaced by substitution, nothing is regenerated in any 
sense implying growth. We thus have before us the processes of 
morphogenesis and differentiation per se. The group of myxa¬ 
moebae simply starts again as a pseudoplasmodium to form a 
new sorocarp. In such a new plant, as Van Tieghem emphasized 
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(1880), there is no reason to suppose that any particular cell 
reaches a position in the new sorocarp corresponding to that it 
would have achieved if not disturbed. Young sorocarps with a 
considerable length of stipe are favorable material for studying 
these reconstructive powers of the myxamoebae. If such young 
plants are teased up with needles in a drop of water or dung de¬ 
coction the fragments begin at once the reconstructive processes. 
For the case just noted figure 55 shows the appearance of two 
such small masses of myxamoebae photographed in a hanging 
drop culture at 10 p.m. (magnification 13). They are irregular in 
outline and many free myxamoebae are regularly present about 
such masses though not shown at this magnification. Figure 56 
shows the same two masses one hour later, 11 p.m. They have 
moved together and rounded up somewhat. Twelve and one- 
half hours later, the next forenoon at about 11:30 a.m., they 
had each formed sorocarps with branches. The upper one shows 
a stipe with a whorl of branches midway in its height and a single 
branch or a more or less distinct simple sorocarp at its base (fig. 
5 /)- -The lower one of the two was not favorably placed for 
photographing. It showed a sorocarp with one branch near its 
base and three other branches or independent sorocarps whose 
relations to the basal mass were not clear. As noted, free myxa- 
tnoebae were also present in the culture though not visible with 
the magnification used in making the photographs. 

Figure 52 shows a fragment of a stipe with masses of myxa¬ 
moebae adhering to it as they appeared in a preparation of a 
young sorocarp teased up in a hanging drop. The photograph 
was made at 9 p.m. The preparation was photographed again 
at 10:15 p.m. and showed the myxamoebae rounded up in three 
main masses along the stipe (fig. 53). The next morning at 
11,30 these masses had formed sorocarps as shown in figure 
54 q at least eight sori are shown with their stipes extending at 
various angles from the basal masses. When such small soro 
carps stand vertically to the plane of the picture the stipe is 
1 ^ en the sorus - The basal residual masses consisting of 
gelatinous material in which the base of the stipe is embedded 
are quite rounded, and in some cases appear in the photographs 
to be nearly as large as the sori. They are less dense, however 
and more irregular in outline. 
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Figure 58 shows another longer portion of a stipe and sorogen 
which was dragged about in a hanging drop of dung decoction 
and finally mounted. The myxamoebae are distributed in irregu¬ 
lar clumps and masses on the stipe, and are already showing a 
tendency to form rounded groups. Other masses of amoebae 
were scattered here and there in the culture and the next morn¬ 
ing, twelve hours later, many of them had formed sorocarps 
and were photographed. The largest clump had made at least six 
sorocarps, as shown in figure 59. Another clump (fig. 60) had 
made a single sorocarp with a pair of branches about midway of 
the stipe. Three others were simple and unbranched and of very 
unusual proportions, the stripes being in length only two or three 
times the diameter of the sorus. Figure 61 shows a very diminu¬ 
tive specimen with a pair of apparently abortive branches near 
the base of the main stipe. 

Perhaps the simplest case of these morphogenetic regulations is 
seen when a young sorocarp is bent over until the sorogen touches 
the substratum. This happens frequently,’ and I have described 
such a case above as it occurred naturally in the development of a 
sorocarp in a petri dish culture. The results of such an inter¬ 
ruption of normal development may be studied and photographed 
under controlled conditions if a young sorocarp, before branch 
formation has begun, is picked off the substratum and its tip 
carefully brought in contact with the agar medium in a fresh hang¬ 
ing drop. The sorogen adheres to the agar, and if left in this 
position with a minimum of disturbance, proceeds almost at 
once, with no tendency to preliminary rounding up, to the comple¬ 
tion of a sorocarp. The stages in this process are shown in the 
photographs 46 to 51. These were taken from the same prepara¬ 
tion at successive intervals of about fifteen minutes. Figure 46 
shows the sorogen and a bit of the stipe of a young sorocarp as 
it has just been picked up, laid in a drop of water and placed in 
a moist chamber. A certain number of amoebae escape from 
such a mass, especially at its apex, but in general they do not 
appear clearly in the photograph. The trumpet-formed widening 
of the stipe at its extending apex is shown here as in my figure 
14, plate 6 (1926) of Dictyostelium. The diagonal line running 
past the base of the sorogen in the direction of the stipe outlines 
the boundary of the slime deposited in the process of laying 
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down the sorogen. The position of this line with relation to the 
sorogen in the succeeding figures is a good index of the move¬ 
ment of the latter. 

Figure 47 is from a photograph taken fifteen minutes later ; the 
apical region of the sorogen has already begun to curve upward 
without any noticeable antecedent rounding up or change of out- 
lines. The mass has, however, pushed forward and added to the 
length of the stipe, as is shown by the position of its base in rela¬ 
tion to the end of the dark fine of amoebae lying along the earlier 
formed part of the stipe and the relative position of the slime line 
referred to above. 

That the sorogen is curving upward is shown by the dark 
anterior zone, due to stoppage of the light, the high light on the 
apex, and the fact that the sorogen as seen from above appears 
shorter by the amount that it has curved upward. The relations 
of the parts and the nature of the process would be better shown 
in a photograph taken from the side but I have not been able, 
without disturbing it too much, to get a sorogen in position for 
such a picture. 

Figure 48 shows what occurred in the next fifteen minute 
interval. The upturn of the apex has proceeded still further so 
that the length of the horizontal part is only about one-half what 
it was when the experiment began. The further forward move¬ 
ment of the base is shown in relation to the reference points noted 
above. In this figure the nature of the sorogen as a mass of free 
amoebae is indicated by the fact that certain of the amoebae have 
become separated from the mass and are left behind along the 
stipe. Other amoebae are seen bulging from its sides. 

Fifteen minutes later, as shown in figure 49, the sorogen has 
come to stand almost vertically on end and the basal portion 
appears much more tapering. The outline of the stipe can he 
traced, forming the axis of the mass, and the high light spot; 
marks its vertex. In another fifteen minutes (fig. 50) the soro¬ 
gen has practically regained its position vertical to the substratum. 
For this figure the negative was exposed at a higher focus and 
the free amoebae in the culture medium appear as high light 
spots, efc., due to their being out of focus. In figure 51 the 
sorogen appears in end view merely as a rounded black mass. 

The process by which the pseudoplasmodial mass erects itself 
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in this case simulates that by which a root or shoot regains its 
normal geotropic relations when laid in a horizontal position. 
This latter process has long been known to be a growth curvature. 
In the case of the young sorocarp there is no growth either in 
mass or number of cells. As noted, some cells may drop behind 
in the process, and there is doubtless loss of weight, due in part 
to destructive metabolism involved in the work done. The stimuli 
which initiate and direct the reaction are doubtless hygro- and 
geotropic, and the process is one of specifically oriented motion, 
the anallactic creeping of the mass of myxamoebae. The soro- 
gen bends upward like a shoot, but the bending is due to the 
specifically oriented direction of creeping of the myxamoebae. The 
facts are unmistakable. If, as in the ordinary class experiment to 
show the growth curvature of a root, you were to lay off on the 
sorogen of Polysphondylium a series of lines at equal distances 
apart, these distances would not be changed while the curvature 
was taking place, barring possible slight differences between the 
convex and concave flanks due to shifting of their position by the 
individual amoebae. 

The recovery of the erect position by the sorogen of Poly¬ 
sphondylium is not a growth curvature, and in the light of the 
facts here we may well question whether specifically oriented 
tropistic movements involving mass growth and cell multiplication 
in the root and shoot should not be regarded as determined by 
intercellular relations analogous to those existing between the free 
amoebae in the sorogen, rather than by some organismal principle 
of root or shoot behavior. In both cases the external stimuli of 
gravity, relative moisture, etc., are the same. 

In Polysphondylium mass growth is completed in the free 
swarming stage and is unoriented. The myxamoeba enlarges in 
three dimensions. Whether division is oriented in the sense that 
the planes of successive bipartitions would intersect at right angles 
as in Pediastrum is not determined. In any case a specific orien¬ 
tation of the division planes would mean nothing f or the organiza¬ 
tion of the future sorocarp, unless some sort of pattern orienta¬ 
tion is assumed to be maintained by the amoebae in all their wan¬ 
derings and then to further determine their arrangement in the 
process of stipe and sorus formation, which is scarcely conceiv¬ 
able. 
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Discussion, When in Polys phondylium unorientecl mass 
growth and. unoriented census growth have been completed and 
the myxamoebae have reached what we call the maturity of the 
fruiting stage, specifically oriented movements begin. Differen¬ 
tiations based in each case on specific positions successively 
achieved by the cells emerge and lead to the formation of the soro- 
carp with its definitely oriented position with relation to the 
substratum, the more or less fixed size relations between its 
parts, its radial and metameric symmetry, and differentiation into 
soma and germ plasm. For Polys phondylium it is obvious that 
growth and differentiation, instead of being expressions of an 
organismal protoplastic mass, are respectively the processes of 
cell growth and cell multiplication followed by cell aggregation 
and cell differentiation in a colony whose unity and organization 
are matters of specialization in position and function, worked out 
by the interactions of its component cells. 

In the case of the Myxomycetes we have in the true plasmo- 
dium an organized mass of protoplasm which, by specifically regu¬ 
lated movements as a mass, may produce stalked fruit bodies quite 
similar to those of the Acrasieae. However, differentiation never 
proceeds, as far in the Myxomycetes as in the sorocarp of Poly - 
sphoudylmni with its whorls of branches and its sharp differenti¬ 
ation of soma and germ plasm. A comparison of the organization 
of Stemonitis with that of Polys phondylium shows at once the 
greater possibilities which go with the colony of free individual 
cells, as contrasted with the multinucleated protoplasmic mass of 
Stemonitis. The latter is, as I have elsewhere pointed out, func¬ 
tionally, in its reactions and capacity for differentiation, a single 
cell. Its stipe and capillitial system are secretions. It shows no 
metamerism nor differentiation of soma and germ plasm. To be 
sure such coenocytic algae as Bryopsis and Caulerpa show more 
complexity of form than does Polys phondylium, but that they 
are at a disadvantage in their capacity to achieve complexity and 
specialization in organization, as compared with true multicellular 
plants such as the red algae, will hardly be denied. To claim that, 
after all, the plant is only a mass of protoplasm, whether cut up 
into cells or not, is to overlook the obvious facts of organization 
in the Myxomycetes and Siphoneae as compared with the red or 
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brown algae and the higher plants, in which the unit of organiza¬ 
tion and differentiation is in general the uninucleated cell. 

Morphogenesis and differentiation in Polysphondyliiim in¬ 
volve cellular phenomena of at least three types: (i) Transloca- 
tory, in turn synallactic, anallactic, and diallactic amoeboid creep¬ 
ing movements, by which the pseudoplasmodial mass is formed 
from the free creeping amoebae and further transforms itself 
into the mature plant, the sorocarp, with its polar differentiation, 
its metameric and radial symmetry, and its apical and lateral 
sori. (2) Specific morphallactic cellular form adjustments at the 
ends of the elongating stipe and branches, by which the myx- 
amoebae fit themselves together so as to achieve the tapering 
columnar form of the stipe and branches with their curves and 
angles adapted to support and maintain the equilibrium of the 
load of sori. (3) Intracellular histogenetic metamorphoses of the 
cells in situ, in the stipe and in the sori respectively, by which they 
become vacuolar, expand and become closely pressed together 
into a parenchyma-like tissue in the stipe and take on the oblong 
form with dense contents of the spores in the sori. 

The third of these phases is the same in principle in these 
semi-coenobes as in the metaphytes, though, in the latter of course 
a vastly longer list of tissues is produced. The first generally 
recognized change in the cells, as you proceed backward from the 
apical region of a root tip, is vacuolization of the cytoplasm as 
a simple method of cell enlargement, and Olive has emphasized 
and made very clear the part which vacuolization plays in the 
differentiation and enlargement of the stipe cells in these Acrasi- 
eae. He has also given in detail the evidence for the development 
of specialization of the wall in the cells of the stipe, which is also 
a main factor in the differentiation of the vascular and strength¬ 
ening tissues in the metaphytes. 

The second type of cell changes in these semi-coenohes—the 
morphallactic form adjustments at the tips of the stipe and 
branches by which the tapering form of the stipe is achieved and 
the direction of elongation is so controlled as to maintain the 
equilibrium of the top-heavy mass and develop the smooth curves 
and balanced form which is so characteristic—is apparently the 
most specific for this type of plant. The general adaptive signi- 
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ficance of the erect and branching habit of Polysphondyliuni is 
plain I v that of securing better distribution of the spores. I lie 
Soropkoreae, as both Olive’s work and that ot earlier students of 
the group has shown, present a well defined evolutionary series of 
tvpes In which elevation of the sori above the substratum is 
obviously a factor of high selective value. The reversal of the 
hygrotropic relations of the species as they pass from the vege¬ 
tative myxamoeboid stage to that of maturity and spore dissemi¬ 
nation is a long known fact for the group. 

Parr (1926) has attempted to bring greater clarity into the 
discussion of adaptations by pointing out that adaptation is a 
relation between an organism and its environment, rather than a 
character of either the organism or its environment. However this 
question of verbal usage may be, the adaptive relation for spore 
dissemination is plainly an achievement, both in the phytogeny of 
the group and in the species, worked out by the specific reactions 
of the myxamoebae to their environment. The development of 
the series is highly adaptiogenetic rather than simply orthogenetic, 
and the interrelations of form and function are well illustrated. 
Of more theoretic interest perhaps is the fact that in this process 
of aggregation and differentiation w r e have in very simple form 
an example of the nature of integration and organization by which 
out of a manifold of unit individuals an individual of another 
order arises. 

To many it would appear that we have no adequate working 
hypothesis as to the nature of somatic segregation and differen¬ 
tiation. Granting the genic transmission of the Anlagc for the 
characters of adult plants and animals we are still wholly at a loss 
to account for the working out and expression of these characters 
in ontogeny (Lillie, 1927.) 

Heidenhain (1923) feels that the development of the cell 
theory has resulted only in an analysis of the biological problem, 
and that further progress must involve attempts at least at synthe¬ 
sis. From this standpoint he has developed his conception of the 
biosystems, briefly: (1) centrioles, chromioles, etc.; (2) chromo¬ 
somes, etc.; (3) nuclei; (4) cells; (5) muscles, nerves, etc.; (6) 
units of symmetry, metameres, antimeres, etc. The development 
of Polysph0ndylium may be well expressed in terms of such a 
series, and it further shows that the successive transitions in such 
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an ascending scale are achieved in each instance by the integrating 
activity of the cells themselves. 

Whether Bertalanffy (1928), with his postulated immanent 
biologic factors for form, has escaped the vicious circle of neovital¬ 
ism may be a matter of dispute. The obvious fact as to Poly¬ 
sphondylium is that we have in its development a case of integra¬ 
tion, in which the manifold (the swarm of amoebae) emerges into 
the unity of a higher order as an expression of the interrelated 
and coordinated activities of the cell units. The form determin¬ 
ing moments or organizing principles, if such there be, reside 
obviously in the myxamoebae rather than in the erect, axially 
elongated, metameric and radially differentiated and symmetrical 
sorocarp. 

It is to be hoped that Bertalanffy will soon give us the further 
part of his analysis which he suggests (p. 213) and which is to 
deal with the morphogenetic significance of the hormones and 
other agencies of chemical interrelations between cells, tissues, 
and organs, as well as the effects of nerve stimuli, functional 
activity, etc. Bertalanffy excuses this omission partly on the 
ground that he is first concerned with the ultimate and ‘primary 
form building processes’ and that these chemical and other inter¬ 
relations in the organism are essentially matters of functional co¬ 
ordination which, as it were, presuppose organization. I11 the last 
analysis morphogenesis, aside from differentiation, in the meta- 
phytes is a matter of specifically oriented cell enlargement and 
specifically oriented cell divisions, however they may be deter¬ 
mined. That hormones do determine such processes in many 
cases is becoming more and more clear, as well as the fact that 
growth stuffs may determine tropistic curvatures. One can 
hardly question that the problems of form development in these 
semi-coenobes appear in relatively simple form and that the or¬ 
ganization achieved in the sorocarp is in its structural constitution 
simple and primary for plants. The sorocarp of Polysphon - 
dyliiim, with its erect tapering stem, branches, and fruits, is as it 
were a diagram of the eormophyte as seen in ferns and seed 
plants. That, however, chemical interrelations between the cells 
are basic for the synallactic aggregation stages In Polysphon¬ 
dylium seems to be a natural assumption. Chemical stimuli may 
be also involved as well as contact, pressure, and weight rela- 
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ticns in the morphallactic cell adjustments by which the stipe 
and branches are built and the general equilibrium of the sorocarp 
is maintained. 
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Explanation of plates 5-9 

All the figures are of Polysphondylium violaceum Bref., and the photo¬ 
graphs were made with the Zeiss apochromatic objectives and compensating 
oculars and the Zeiss mioroplanars. 

plate 5 

Figures to show general habit and variation in size and proportions. 
Magnification about 50 diameters except as noted. 

Figs. 1, 2. Unbranched sorocarps like those of Dictyostelium. 

Fig. 3. Sorocarp with a single branch. 

Fig. 4. Sorocarp with single lateral sortis with no stipe or a very- 
short stipe. 

Fig. 5. Sorocarp with one whorl of three branches. 

Fig. 6. Two sorocarps very close together at base. The one to the 

right unbranched, the other with a single whorl of three branches placed 

unusually close to the terminal sorus. The figure also shows at the lower 
right hand corner a single sorus and part of the stipe of another plant. 

Fig. 7. Sorocarp with whorl of three branches and at the node above 
a single branch. 

Fig. 8. Sorocarp with whorl of three, and one with whorl of two 
branches. Internode unusually short. 

Fig. 9. Sorocarp with two whorls of four branches each. 

Fig. 10. Rather normally proportioned sorocarp with two whorls, one 
with four and one with three branches. 

Fig. ir. Sorocarp with five whorls of branches. 

Fig. 12. Sorocarp with eight whorls of branches. Number of branches 

per whorl varies from one to six. 

Fig. 13. Sorocarp with eight whorls of branches. X about 60, 

Figs. 14, 15. Two sorocarps each with seven whorls of branches. 
X about 20. 

Fig. 1.6. Sorocarp with eleven whorls of branches, with from two 
to four branches per whorl. X about 20. 

• PLATE 6 

Myxamoebae and stages of aggregation to form the pseudoplasmodium. 
Figs. 17 and 18 with apochromatic objective 8 mm., compensating ocular 
12. Figs. 19-22 microplanar 3.5 cm. 

Fig. 17. Myxamoebae in free swarming stage, movement rather slug¬ 
gish, Exposure 5 sec. X about 400. 

Fig. 18. Myxamoebae more active, tending to elongate. Exposure 
5 sec. X about 375. 

Fig. 19. Central region of a pseudoplasmodium showing synallactic 
flowage to a center at which a sorocarp is to be formed, X about 40. 

Figs, 20, 21. A later stage of development of the same pseudoplas¬ 
modium, in which the young sorocarp shows in the photograph as a blunt 
projection from the central mass. Figure 21 is more highly magnified 
and was taken only a few minutes, later. 

Fig. 22. Young sorocarp arising from a rather one-sided pseudoplas¬ 
modium, The dark line extending diagonally across the figure is the 
basal portion of the stipe of another sorocarp. 
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PLATE 7 

Young sorocarps showing anallactic upward movement and dial lactic 
plagiotropic branch formation. Photographed with microplanar 3.5 cm. 

Fig. 23. Young sorocarp. Stipe about twice the length of the soro- 

gen. 

Figs. 24, 25, 26. Three stages in development of same sorocarp, show¬ 
ing successive abstriction of segmental masses from the apical sorogen. 

Figs. 27-31. Four stages in branch formation of the same sorocarp. 
Photographs taken at intervals of ten to twenty minutes. At the same 
time the apical sorogen has bent over until it touched the substratum, and 
then changed its direction of motion and begun to regain its position ver¬ 
tical to the substratum. 

Figs. 32, 33, and 34 show various stages in the development of the 
segmental masses into whorls of branches. 

PLATE 8 

The formation of the stipe and branches. All figures taken with 
the Zeiss 8 mm. objective and compensating ocular 12. 

Fig. 35- Base of stipe irregular in outline and turned to one side. 

Fig. 36. Segment of same stipe in median region; tapering slight. 

Fig. 37 - Apical segment' of a stipe showing slight thickening where 
enclosed in the terminal sorus. 

Fig. 38. Lateral stipe with strongly bulbous base. 

Fig. 39, 40, 4 L 43 . Lateral stipes with less bulbous swelling at base. 

Fig, 42. Shows one complete lateral stipe and the bases of two others 
in the same whorl. 

Fig, 44. Shows a lateral stipe consisting of a single row of cells. 
The tapering is determined entirely by the form of the cells. 

Fig. 45. Shows the bases of three branches in a whorl with different 
degrees of bulbous enlargement. 

plate 9 

Illustrations of organic regulations in Polysphondylium. Figures 52 
to 60 were made with Zeiss microplanar 3.5 cm.* 

Figs. 46-51 show stages by which the sorogen of a young sorocarp 
when laid horizontal on the substratum turns up by anallaxis until it has 
regained the vertical position. The pictures were taken with Zeiss apochro- 
matic objective 16 mm, compensating ocular 8, at intervals of about 
.fifteen minutes. , . 

Fig. 52. Fragment of stipe with amoebae adhering to it from young 
sorocarp teased up and mounted in hanging drop. 

Fig. 53 . The same preparation after about seventy-five minutes. 

Fig. 54 * The same preparation after about fourteen hours. 

Fig. 55 * Two masses of amoebae teased off from a young sorocarp. 

Fig. 56. The same one hour later. 

Fig. 57 - One of two sorocarps formed during the next twelve hours 
from the upper one of the masses of amoebae shown in the two previous 
figures. 

Figs, 58-61. A similar series to . that shown in figures 52-54. 






















Histology of the wood of angiosperms 

1 . The nature of the pitting between tracheary and 
parenchymatous elements 
Frederick H. Frost 1 
(with plate io) 

During the course of an investigation of the structure of the 
wood of our native arborescent angiosperms the writer has ob¬ 
served several features which warrant separate treatment. The 
type of pitting found when a vessel segment, tracheid, or liber lies 
adjacent to a xylem parenchyma or ray parenchyma cell will be 
discussed in this instance. 

The following quotation from Solereder (6) summarizes the 
present status of opinion in respect to this point. 

These walls (walls of contact between a vessel segment and a paren¬ 
chymatous cell) are occupied (a) either by one-sided bordered pits (half- 
bordered in tiie common terminology) one or more" of which corresponds 
to large one-sided simple pits on the adjoining parenchyma-wall, or (b) by 
one-sided simple pits of varying size which correspond to pits of equal di¬ 
mensions on the wall of the adjoining parenchyma cell. 

In other words, the wall of a parenchymatous cell in this 
situation possesses simple pits, while the vessel wall may have 
either bordered or simple pits. Similar statements may be found 
in the classical texts of Strashurger (7), De Bary (1), or Haber- 
landt (3), in the more recent texts such as Eames and MacDan- 
iels (2), or Jeffrey. (4), and in works dealing with the detailed 
structure of wood, such as Record (5). 

It is undoubtedly due to the very concise statements of the 
above investigators that a thorough study of these pits has not 
been made and their true nature described in detail. 

MATERIALS AND METHODS 

The sections used in this investigation average about five 
microns in thickness and were stained lightly in Haidenhain’s 
iron-alum haematoxylin and safranin. It is essential, if the de- 

5 National Research Fellow in Botany. 

2 See figures 1, 2. This condition is due to the breaking up of scalari- 
form pitting into opposite pitting and is common in species with scalar!- 
form perforations. 
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tails of the pitting are to be clear, that the staining is light 
and that both the haematoxylin and safranin are destainecl. The 
wood was softened with hydrofluoric acid but was not embedded. 
Properly softened wood will nearly always cut as thin as live 
microns if the microtone knife is in excellent condition. The na¬ 
ture of the pitting was, of course, determined in section, as it is 
impossible, in most cases, to distinguish between a half-bor¬ 
dered pit and a fully bordered pit in face view. 

OBSERVATIONS AND DISCUSSION 

It is an almost universal rule that the same type of pitting 
exists, in a given species, between the ray parenchyma and tra- 
cheary elements and xylem parenchyma and tracheary elements. 
For this reason the discussion which follows applies to both ray 
and xylem parenchyma. 

The pitting of vascular parenchyma 3 cells, when adjacent to 
vessel segments, falls into four main groups as regards the out¬ 
line of the pits in face view. These pits may be scalariform, as 
in Gordonia laswithus Ellis (fig. i) and many other primitive 
woods; reticulate, which is transitional between the scalariform 
and opposite types, as is found occasionally in Sambucus Simp - 
sonii Rehder (fig. 2) ; opposite, as is frequently the case in Car- 
pinus caroliniana Walter (fig. 3) ; or alternate, as is well illus¬ 
trated in Acer floridammi (Chapman) Pax (fig. 4), 

In section the vessel-vascular parenchyma pits, when scalari¬ 
form in face view, are very often fully bordered. This condition 
is typical of Gordonia lasianthus Ellis (figs. 5, 6) and Liqitidam - 
her styraeiflua Linnaeus (fig. 13). The sealariform-halfbor¬ 
dered condition is shown very clearly in Symplocos chiriquensis 
Brand (fig. 7). Scalariform simple pits are, as one would ex¬ 
pect, quite rare, and if found are usually associated with half- 
bordered pits or fully bordered pits. Figure 8 illustrates these 
pits from Anacardium excelsum Skeels. 

The reticulate or intermediate type of pitting may be fully 
bordered, half-bordered, or simple. Illustrations of these types 
may be found, in the same order as above, in the following spe¬ 
cies: Magnolia acuminata Linnaeus in part, Dalea spinosa Gray, 

8 The term ‘vascular parenchyma’ is here used to denote both ray and 
xylem parenchyma. 
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and the reticulate simple pits occasionally occur in Trema mollis 
Loureiro. In the latter species the 'pits are usually one-half 
bordered! 

Likewise the opposite or alternate type of pitting may he fully 
bordered, half-bordered, or simple. Excellent bordered pits of 
these two types may be found in Ostrya Knowitonii Coville (fig. 
9, a, b). Very distinct half-bordered pits occur in Hicoria pecan 
Britton (fig. io), and simple pits are quite common in Sambiicus 
coerulea Rafinesque (fig. n). 

The writer has observed bordered pits in parenchymatous cells 
in a number of other genera, both tropical and temperate, and it 
is certain that the occurrence of these types are not abnormali¬ 
ties, 4 but are consistent features of the structural elements of 
vvood. The sequence of changes which these pits undergo during 
the course of evolutionary specialization will be treated in detail in 
a later paper. 

The pitting between parenchymatous elements and fibers is 
not abundant and the pits are generally small. Pits between libri- 
form fibers (libriform fibers have simple inter-fiber pits) and 
parenchyma cells are always simple (fig. 16, Sambiicus callicarpa 
Greene). Pits between tracheids or fiber trachekls and paren¬ 
chyma cells, on the other hand, may be bordered, half-bordered, 
or simple, since the inter-fiber pits are always bordered. 

Bordered pits in this situation are found quite frequently and 
are very clear in thin and properly stained preparations of Gor 
donia lasianthiis Ellis (fig. 12), Plat anus Wrightii S. Watson, 
and Liquidamber styraciflua Linnaeus (fig. 13). The half-bor¬ 
dered pit is quite common and is illustrated by Mains coronaria 
Miller (fig. 14). The simple type is found in Betiila lent a Lin¬ 
naeus (fig. 15) with the half-bordered type. The writer has not 
observed simple pits in this situation in woods which possess fibers 
with well developed bordered inter-fiber pits. 

From the foregoing notes and the writer’s observations it is 
clear that the type of pitting between a tracheary element and 
parenchymatous element is determined to a large extent by the 
degree of specialization of the tracheary element rather than the 

4 Thompson, W. P., Bot. Gaz. 53 : 331-358, describes and figures a ray 
parenchyma cell from Abies with bordered and simple pits. Cells of this 
type have also been described from Sequoia . 
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parenchymatous element. Exceptions to this rule occur in groups 
which posses the heterogeneous type of ray, in which cases the 
upright ray parenchyma cells often show a different type of pit¬ 
ting than the radially elongate ray parenchyma elements. 

The details of pitting, of the types above described, are useful 
in wood identification studies, since they increase the number of 
possible characteristics a plant may possess. In transitional gen¬ 
era, such as SambiiC'USj it is possible to differentiate easily between 
certain species by the occurrence of bordered or simple vessel-ray 
pits. 

It is likewise possible to distinguish between the North 
American species of Ostrya and Be tula on the basis of the pitting 
between fibers and xylem parenchyma, but in closely related gen¬ 
era like Liriodendron and Magnolia or Salix and Papains the de¬ 
tails of the pittings are usually identical. The type of vessel-ray 
or fiber-parenchyma pitting as a rule is more apt to be character¬ 
istic of a subfamily or family than of the individual species of a 
genus in our native arborescent angiosperms. 

SUMMARY 

1. The prevalent conception of the type of pitting which oc¬ 
curs between tracheary and parenchymatous elements in the sec¬ 
ondary xylem of angiosperms is incorrect. 

2. Fully bordered, half-bordered, and simple pits are char¬ 
acteristic features between tracheary cells and vascular paren¬ 
chyma. 

3. The type of pitting on the wall of the parenchyma cell is 
controlled largely by the degree of specialization of the vessel or 
fiber which lies next to it. 

4. The detailed structure of pits of this nature is useful in 
wood identification. 

In conclusion the writer wishes to express his appreciation 
to Professor I. W. Bailey for many kindnesses. 

Bussey Institution, 

Harvard University 
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Explanation of plate 10 

(v.s. refers to vessel segment; x.p. to xylem parenchyma; r.p. to ray 
parenchyma; and t. to traclieids or to fibers.) 

Fig. x. Gordonia lasianthus. Scalariform vessel-ray pits. Radial Sec¬ 
tion. 

Fig. 2. Sambitcus Simpsonii. Reticulate vessel-ray pits. Radial sec¬ 
tion. 

Fig. 3. Carpinus caroliniana. Opposite vessel-ray pits. Radial sec¬ 
tion. 

Fig. 4. Acer floridanum, Alternate vessel-ray pits. Radial section. 

Fig. 5. Gordonia lasianthus. Bordered fiber-ray and fiber-parenchyma 
pits, Scalariform bordered vessel-parenchyma pits. Transverse section. 

Fig. 6. Gordonia lasianthus. Scalariform bordered vessel-ray pits. 
Tangential section. 

Fig. 7. Symplocos chiriqucnsis. Scalariform half-bordered vessel- 
ray pits. Tangential section. 

Fig. 8. Anacardimn excelsnm . Scalariform simple vessel-ray pits. 
Tangential section. 

Fig. 9. Ostyra Knozvltonii. (a) Opposite bordered vessel-parenchyma 
pits, (b) Opposite bordered vessel-ray pits. Radial and tangential section. 

Fig. xo. Hicoria pecan. Opposite half-bordered vessel-ray pits. 
Tangential section. 

Fig, 11. Sambucus cocntlea. Alternate simple vessel-ray pits. Tan¬ 
gential section. 

Fig. 12. Gordonia lasianthus. Bordered fiber-parenchyma pits. Radial 
section. 

Fig. 13. Liquidamber styracifiua . Bordered fiber-ray pits and scalari¬ 
form bordered vessel-ray pits in the same cell. Tangential section. 

Fig. 14. Mains coronaria. Half-bordered fiber-parenchyma pits. 

Radial section. 

•Fig. 15. Betula lent a. Simple fiber-parenchyma pits. Radial section. 

Fig. 16. Sambucus callicarpa. Simple pits between libriform fiber and 
xylem parenchyma. Radial section. 








The genus Viburnum in northwestern South America 
E. P, Killip and A. C. Smith 

In attempting to identify a large series of specimens of Vibur¬ 
num which we collected in eastern Colombia, we found that nearly 
all the Andean material of this genus in American herbaria had 
been referred to V. glabratum though quite obviously 

several species were represented. Monographers apparently have 
paid little attention to the South American representatives of the. 
genus, confining themselves almost wholly to the species occurring 
in the North Temperate regions. Several Peruvian species were 
recently described by Graebner, but these appear to be local spe¬ 
cies which do not range into the northern part of the Andes. 

As in the case of the species from North America and the Old 
World, the principal diagnostic characters lie in leaf-shape, indu- 
rnent, and size and branching of the corymbs, the flowers and 
fruits showing little variation. 

The herbaria in which specimens we have examined are de¬ 
posited are indicated thus: Arnold Arboretum (A) ; Field Mu¬ 
seum of Natural History (F) ; Gray Herbarium of Harvard Uni¬ 
versity (G) ; Royal Botanic Gardens, Kew (K) ; U. S. National 
Herbarium (N); New York Botanical Garden (Y). 

KEY TO SPECIES 

Lower surface of leaves uniformly pubescent with stellate hairs, usually 
at least 5 per sq. mm. of surface on mature leaves. 

Leaf hairs straight (. 3 -.6 mm. long); corymbs wide-spreading, more 
than 8 cm. wide, often 13 cm.....1. V. lasiophyllum. 

Leaf hairs crispate (.15-.3 mm. long) ; corymbs smaller, rarely more 
than 10 cm. wide, usually less than 8 cm. 

Plants of lax habit, with elongate branches; inflorescence 3- or 4-times 

branched; leaves rarely in threes.......2. V. pichinchensc. 

Plants compact, the branches short; inflorescence twice-branched; 

leaves often in threes........2a. V. pickinchcnse tale dense. 

Lower surface of leaves essentially glabrous, sometimes pilosulous in axils 
of nerves. 

Branchlets and rays of inflorescence densely canescent-pulverulent. 

3. V. glabratum. 

Branchlets and rays of inflorescence glabrous or with various indu- 
ment, not pulverulent. 

Leaves thick coriaceous, often in threes......4. V. triphyllum. 
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Leaves herbaceous, never in threes. 

Leaves broadest above the middle. 

Branchlets essentially glabrous; petioles about 15 mm. long; bract- 
lets persistent, up to 7 mm long; calyx tube densely glandular- 

punctate.5* V* apiculatum. 

Branchlets rufo-tomcntose; petioles less than to mm. long; bract- 
lets deciduous, about 2 mm. long; calyx tube sparingly glandu¬ 
lar-punctate.6. V . sumlcnsc. 

Leaves broadest below or near the middle. 

Leaf margins slightly revolute and appearing to be regularly 

ciliate...7* V. fragile. 

Leaf margins flat and obviously not ciliate. 

Apex of leaves obtuse (rarely obtusely acuminate). 

Branchlets and rays of inflorescence glabrous or sparingly 
appressed-hirtellous, bractlets about 3 mm. long. 

Leaves more than 7 cm. long; texture herbaceous.... 

8. V. leptophylliim. 

Leaves less than 7 cm. long; texture thin herbaceous. 

8a. V. leptophylliim vcncjsuelense, 
Branchlets and rays of inflorescence densely rufo-tomcntose 
with matted hairs; bractlets about 1.5 mm. long. 

Corymbs less than 10 cm. wide, the rays straight, stout, 

ascending; branchlets stout. .. 9 . V. floccosum. 

Corymbs more than 10 cm. wide, the rays flexuose, slen¬ 
der, divaricate; branchlets slender_.10. V. dwaricatum. 

Apex of leaves sharp-acuminate or long-acuminate. 

Leaves twice as long as broad. 

Corymbs ebracteate and ebracteolate; calyx lobes semi¬ 
circular, finely and regularly ciliate.ix. V. cornifolium . 

Corymbs deciduously bracteate and bracteolate; calyx lobes 
ovate, smooth at the margins or slightly ciliate. 

12 . V. Lchmannii. 

Leaves three times as long as broad .,.13. V. To rank. 

DESCRIPTIONS OF SPECIES 

1. Viburnum lasiophyllum Benth. PL Hartw. 189. 1845. 
Shrub 3-4-m. high; branchlets subterete, densely and softly stel- 
late-ferruginous-tomentose, the internodes 4-7 cm. long; petioles 
8-13 mm. long; leaves broadly ovate or oblong-ovate, 4-7 cm. long, 
3-6 cm. wide, acute or abruptly acuminate at apex, subcordate at 
base, obscurely sinuate-dentate or subentire in upper half, entire in 
lower half, stellate-pubescent with straight hairs (L3-.5 mm. long), 
the pubescence much denser and softer beneath, the nerves scarcely 
impressed above; corymbs sessile or pedunculate, 8-12 cm. wide, 
pubescent as the branchlets, bracteate with soon deciduous linear 
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bracts (about 5 mm. long), 5-8-rayed (primary branches 2-4 cm. 
long), 3- or 4-times branched, bracteolate, the bractlets linear- 
oblong, 3-4 mm. long, persistent; calyx tube about 1.5 mm. long, 
sparingly glandular-punctate and pubescent with scattered short 
stiff hairs, the lobes triangular, about 1 mm. long, subacute, 
strongly ciliate; corolla about 2 mm. in diameter at the base, 3-4 
mm. long, the lobes oblong-ovate, 2 mm. wide; ovary furrowed. 

Colombia: Cu-ndinamarca: Pacho, Hartweg 1041 (type; N, 
fragment and photo; Y, photo). Other specimens are: Pennell 
2474 (Y), from Sibate, and Appollinairc & Arthur 76 (N j, from 
Gaudalupe, both in the same general locality as the type, which 
differ in having proportionately narrower leaf blades with petioles 
less than 5 mm. long. 

2. V. pichinchense Benth. PI. Hartw. 188. 1845. ^ Ur- 

bani Graebn. Bot. Jahrb. 37 : 435. 1906. Shrub 2.5 to 4 m. high, 
much branched, the branches elongate, up to 8 meters long; 
branchlets and rays of inflorescence ferruginous-stellate-tomentose 
with crispate tangled or matted hairs .15-.3 mm. long; petioles 
.5-1.5 cm. long; leaves ovate, oblong, or slightly obovate, 8-12 cm. 
long, 4-6 cm. wide, acute or abruptly acuminate at apex, rounded 
at base, entire or subentire, impressed-nerved and sparingly stel¬ 
late-pubescent above, ruf o-stellate-tomentose beneath, the hairs like 
those of the branchlets; corymbs pedunculate, 4-7 cm. wide (oc¬ 
casionally up to 9 cm.), ebracteate (or sometimes with large ovate- 
lanceolate bracts), 5-7-rayed (primary rays .5-2.5 cm. long), 3- or 
4-times branched, bracteolate (the bractlets linear, up to 3.5 mm. 
long, deciduous) calyx tube about 1.2 mm. long, sparingly glandu¬ 
lar-punctate or nearly glandless, the lobes triangular, .5-.7 min. 
long, acute, strongly ciliate; corolla about 1.3 mm. in diameter at 
base, 2.8-3 mm - l° n g } the lobes rounded, about 1.7 mm. wide; 
ovary terete; fruit broadly ovoid, 6-8 mm. long, 5-6 mm. in dia¬ 
meter, black. 

Colombia: El Cauca: Near La Topa and El Pedegral, Central 
Andes, east of Popayan, 1300-1600 m., Lehmann 5161 (N, photo 
of type of V. Urbani; K). San Jose, west of Popayan, 2600 m., 
Pennell & Killip 7383 (N,Y). Escaleretas, Rio Paez basin, 
2500-3000 m., Pittier 1336 (N). Near Popayan, 1800 m., Leh¬ 
mann 831 (N), 3548 (N), 7941 (F). — Ecuador: Mt. Pichincha, 
Hartweg (N, photo and fragment of type; Y, photo). Cuenca: 
Chagal, 2000-2500 m., Lehmann 7940 (N, photo; K. Cited as V. 
anabaptist a Graebn. in Bot. Jahrb. 37 : 435). 
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Perhaps more than a single species is represented by the ma¬ 
terial here cited, but we have not been able to find reliable charac¬ 
ters upon which separate species can be based. Apparently the 
habit of the plants is quite variable. Lehmann's 5/ 61, the type of 
V. Urbani, is said to be a liana-shrub with elongate branches. 
Viburnum pichinchcnse is merely described as a shrub, 8 to 12 
feet high, but the type specimen suggests a plant of rather lax 
habit. The plants of Norte de Santander, which we place in the 
following subspecies, were all compact shrubs with short branches. 

The Pennell & Killip specimen from southwestern Colombia 
closely agrees with the type specimen from Mt. Pichincha. In 
other material from that region the pubescence is less dense on 
the under surface of the leaves, which are broader and more 
noticeably denticulate. Pittier’s 1356 has large persistent bracts 
up to 1.5 cm. long. Graebner referred Lehmann’s 794 ° t0 V. 
anabaptista, a Costa Rican species. A specimen of this, courte¬ 
ously lent by the Director of the Royal Botanic Gardens, Kew, 
agrees closely with other material here placed in V. pichinchcnse . 

2 a. Viburnum pichinchense toledense subsp. nov. Compact 
shrub or small tree, 3-6 m. high, with short branches; leaves in 
two’s and three’s, ovate or oblong-ovate, 4-7 cm. long, 2.5-5 cm. 
wide, very densely grayish- or rufo-tomentose below, strongly im- 
pressed-nerved above; inflorescence twice-branched, few-flowered. 

Type, Killip & Smith zo^Sp, collected March 12, 1927, on east¬ 
ern slope of Paramo del Hatico en route from Toledo to Pam¬ 
plona, alt. 2800 m.. Dept. Norte de Santander, Colombia, and 
deposited in the U. S. National Herbarium (no. 1,355,614). Dup¬ 
licates at A, G, Y. Other specimens are: Norte de Santander: 
Divide between Rio La Teja and Rio Mesrne, 2800 111., Killip & 
Smith igpu (A, G, N, Y). Toledo, 1800 m., Killip & Smith 
20107 (A, G, N, Y). Tapata, 2300 m., Killip & Smith 20184 
(A, G, N, Y). Paramo del ITatico, 2900 m., Killip & Smith 
20615 (A, G, N, Y). 

This may be specifically distinct from V. pichinchcnse on the 
basis of its compact habit and smaller leaves, which are often 
in three’s. 

3. Viburnum glabratum H. B. K. Nov, Gen. et Sp, 3: 428. 
1818. Tree; branchlets, rays of inflorescence, and petioles 
densely canescent-pulverulent; petioles 5-8 mm. long; leaves ovate- 
oblong, 8-13 cm. long, 4-5 cm. wide, obtusely acuminate at apex, 
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rounded at base, entire, glabrous, occasionally canescent-pulveru- 
lent on the nerves above; corymbs 5-10 cm. wide, bracteate 
(bracts ovate-oblong, about 1.5 cm. long, soon deciduous), 6- or 
7-rayed, 2- or 3-times branched, bracteolate, the bractlets decidu¬ 
ous ; calyx tube about 1 mm. long, essentially glabrous, the lobes 
.5-.6 mm. long, obtuse or acute, short-ciliate towards apex; 
corolla about 1 mm. in diameter at base, 1.7-2 mm. long, the lobes 
ovate, rounded, 2 mm. wide; fruit globose-ovoid, 5-7 mm. in 
diameter. 

Colombia : Cundinamarca: Fusagasuga, Andre K444 (Y). Que- 
tame, 1400 m., Pennell 1760 (N, Y). Huila: Neiva, 1500 m., 
Rusby dr Pennell 955 (N, Y). Tolima: Ibague ?, 1000-1500 m., 
Andre K445 (F, Y). Ibague, Harden 9336 (N, Y). 

By far the greater part of the Andean material of Viburnum 
has been referred to this species, apparently with little justifica¬ 
tion. The description of the indument of the type specimen as 
‘tenuiter canescenti-pulverulentes’ applies only to a small part of 
the specimens examined in connection with this revision, and in 
Columbia true V. glabratum apparently has only a limited range. 
The original description states that the plant has two or three 
bracts, similar to the leaves but smaller. In Pennell's no. 1760 
and Andre’s K443 these bracts are present, but in the other ma¬ 
terial here cited they are wanting, though quite possibly they may 
have been present at an earlier stage. 

4. Viburnum triphyllum Benth. PI. Hartw. 189. 1845. 
Shrub or small tree; branchlets terete, hirsute with simple or 
usually stellate hairs or glabrescent; leaves often in three’s (es¬ 
pecially the upper ones) , ovate or ovate-oblong, 4-8 cm. long, 2-5 
cm. wide, rounded or acutish at apex and base, entire, thick-coria¬ 
ceous, lustrous, glabrous or usually hirsute-tomentose in the axils 
of the nerves beneath, the nerves usually impressed above; pe¬ 
duncles stout, 3-6 cm. long; corymbs sometimes bracteate, 4-7 
(rarely to 9) cm. wide, 6-8-rayed, 2- or 3-times branched, the 
rays rufo-hirtellous with simple or stellate hairs; calyx tube 
1.6-1.8 mm. long, sparingly glandular-punctate, the lobes about 
1 mm. long, subacute, ciliate; corolla about 1.5 mm. in diameter 
at base, 3.7-4 mm. long, the lobes oblong, rounded, about 2.1 mm. 
wide; fruit ovoid. 

Colombia; Cundinamarca: Zipaquira, Hartweg 1040 (Y, type 
collection, N, photo). Bogota, 2900 m., Pennell 2006 (Y) ; Dawe 
156 (N) ; Aristc Joseph B103 (N) ; Holton 443 (Y). Chiquin- 
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qulra, Ariste Joseph B106 (N). La Calera, Aristc Joseph A501 
(N). Antioquia: Penol, 2500 m., Lehmann CCXV (N). E! 
Cauca: Paletera to Calaguala, 3100 m., Pennell pi 02 (N, Y). 
Coconuco, 2500111., Kill-ip 68op. (N).— Ecuador: Car-chi: Ibarra, 
3000 m., Hitchcock 20940 (N, Y). Loja: Tablon de Qua, Rose 
2309J (N, Y). Azuay: Cuenca, Jameson (N). 

This species is readily recognized by the very thick, coriaceous 
leaves, which frequently are in three’s. The corymbs are more 
compact than in other close relatives. Much material usually re¬ 
ferred to V. glabratum belongs to this species. 

5 . Viburnum apiculatum sp. nov. Shrub, up to 5 m. high, 
with large, profusely ramified branches; branchlets terete, essen¬ 
tially glabrous; petioles about 1.5 cm. long; leaves ‘sea-green/ 
obovate, rarely oblanceolate, 5-12 cm. long, 4 to 5.5 cm. wide, 
cuspidate or apiculate at apex, subacute at base, subentire or 
sinuate-denticulate, glabrous above, stellate-tomentose on under 
side along midnerve, the nerves 5 or 6 to a side, parallel, nearly 
straight, anastomosing close to margin; peduncles stout, 5 to 7 
cm. long, minutely stellate-tomentose towards apex; corymbs brac- 
teate (bracts linear, about 1 cm. long), 10 cm. wide, 6-rayed, 2- or 
3-times branched (ultimate branchlets very slender), finely stel¬ 
late-tomentose, bracteolate, the bractlets linear-spatulate, about 
7 mm. long, 1.5 mm. wide, acute; calyx tube 1.1-1.3 mm. long, 
densely glandular-punctate, the lobes ovate, about .9 mm. long, 
acute, not ciliate; corolla ‘white, frequently washed over with 
pink/ 1.8 mm. in diameter at base, about 4 mm. long, the lobes 
oblong, rounded, 2.1 mm. wide. 

Type, Lehmann 3160, collected at Coconuco, east of Popayan, 
Department El Cauca, Colombia, alt. 2200-2700 m., and deposited 
in the U. S. National Herbarium (no. 1,420,308). Duplicate F. 

6. Viburnum suratense sp. nov. Tree 3-6 m. high,, with a 
slender trunk, the branchlets terete, sparingly to densely rufo- 
stellate-tomentose; petioles 5-10 mm. long; leaves obovate or 
oblanceolate, 5-10 cm. long, 2-5 cm. wide, abruptly acuminate at 
apex with an obtuse triangular tip, subacute at base, entire or with 
a few minute teeth, glabrous or very sparingly stellate-pubescent 
above, glabrous or stellate-hirsutulous on the nerves beneath; 
peduncles stout, 4-10 cm. long; corymbs ebracteate, 6-10 cm. wide, 
5-7-rayed, 2- or 3-times branched, densely or sparingly stellate- 
hirsutulous, bracteolate with minute deciduous linear "bractlets; 
calyx tube 1,6-2 mm. long, glabrous, very sparingly glandular- 
punctate. the lobes triangular, slightly ciliate towards apex ; corolla 
white, about 1,8 mm. in diameter at base, 3.8 mm. long, the lobes 
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ovate, rounded, 2.=; mm. wide; ovary slight!v furrowed; fruit 
black. 

Type, Kill-ip & Smith 16/43, collected Jan. 6, 1927, in the Rio 
Surata Valley, above Surata, Dept. Santander, Colombia, alt. 
2000-2300 m., and deposited in the herbarium of the New York 
Botanical Garden. Duplicates A, G, N. Other collections are: 
Santander: Mountains east of Las Vegas, 3200 m., Kill-ip & Smith 
15S64 (A, G, N, Y). Ouebrada de Pais, north of La Baja, 3200 
m., Killip & Smith 18/66 (N, Y). Dept. Cundinamarca: Bogota, 
Dazve 168 (N ). 

7 . Viburnum fragile sp. nov. Small tree; branchlets slen¬ 
der, terete, ruf-o-stellate-hirsutulous, at length glabrous; petioles 
3-5 mm. long; leaves ovate, 4-6 cm. long, 2-3 cm. wide, abruptly 
acuminate at apex, rounded or acutish at base, denticulate near 
apex (teeth minute, salient, each terminating a distinct vein), 
sparsely stellate-hirtellous above, distinctly so near the margins, 
which are slightly revolute and give the appearance of being cili- 
ate, beneath stellate-tomentose on nerves, otherwise glabrous; pe¬ 
duncles slender, 3-4 cm. long; corymbs ebracteate, up to 4 cm. 
wide, rufo-hirsutulous with simple or stellate hairs, 5-rayed, 2- or 
3-times branched, bracteolate, the bractlets linear-spatulate, about 
2 mm. long ; calyx tube 1.4-1.6 mm. long, glandular-punctate, the 
lobes ovate, about 1.1 mm. long, acute, sparsely ciliate; corolla 
white, 14-1.6 mm. in diameter at base, about 3.7 mm. long, the 
lobes oblong, 24-2.7 mm. wide. 

Type, Rusby & Pennell 757, collected August 3-5, 1917, at 
Basillas, Dept. Huila, Colombia, alt. 2100-2200 m., and deposited 
in the herbarium of the New York Botanical Garden. 

8. Viburnum leptophyllum sp. nov. Slender shrub or small 
tree 3-6 m. high, glabrous throughout or minutely and sparingly 
appressed-hirtelkms along the ultimate branchlets, petioles, and 
rays of the inflorescence; petioles up to 1 cm. long; leaves ovate 
or oblong-ovate, 5-12 cm. long, 2-6 cm. wide, obtuse or obtusely 
acuminate at apex, acute or rounded at base, entire, herbaceous, 
lustrous on both surfaces, the nerves slightly impressed above; 
peduncles stout, 4-5 cm. long; corymbs ebracteate, 6-8 rayed, 2- or 
3-times branched, bracteolate, the bractlets linear, about 3 mm. 
long; calyx tube about 1,5 mm. long, glabrous, very sparingly 
glandular-punctate, the lobes ovate, about 8 mm. long, acute or 
obtusish, shor't-ciliate; corolla about 2 mm. in diameter at base, 
3-3.3 mm. long, the lobes oblong, subacute, about 2,1 mm. wide; 
ovary slightly furrowed; fruit globose or globose-ovoid, 7-8 mm. 
long, 5-6 mm. Avide, dark blue or black. 
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Type, Kill ip & Smith 17055, collected Jan, 13, 1927, vicinity 
of California, Dept. Santander, Colombia, alt. 2300 m., and de¬ 
posited in the U. S. National Herbarium (no. 1,352,712). Dupli¬ 
cates A, G, Y. Other collections are : Dept Santander: California, 
2300 111., Killip & Smith 16931 (A, G, N, Y), 17059 (G, Y), 
17083 (A, G, N, Y). Charta, 2400 m., Killip & Smith 19098 
(A, G, N, Y), 19226 (A, G, N, Y), 19310 (A, G, Y). Surata, 
2200 m., Killip & Smith 16628 (A, G, N). Las Vegas, 2800 m., 
Killip & Smith 16083 (A, G, N, Y). 

8a. Viburnum leptophylium venezuelense f. nov. Leaves 
ovate or narrowly oblong, 3-7 cm. long, 1-3 cm. wide, thin-herba¬ 
ceous, the nerves scarcely impressed; peduncles slender, 2-4 cm. 
Jong; calyx tube glandular-punctate with a few scattered short 
hairs; corolla 2.8-3.2 mm. long; ovary terete or slightly furrowed. 

Type, E. Pittier 94 , collected Oct. 25, 1921, in mountains near 
Gaiipan, Federal District, Venezuela, and deposited in the her¬ 
barium of the New York Botanical Garden. Duplicate N. Other 
collections are: Venezuela: Macaroa, 1500 m., Jahn 474 (N, Y). 
Federal District: Gaiipan, 1700 m., Eggers 13575 (N) ; E. Pittier 
91 (N). Caracas, Kuntze 1667 (Y) ; Eggers 13229 (N); Allart 
83 (N, Y) ; Pittier 7406 (N); Curran & Hainan 1125 (N). 
Coastal Range, Pittier 8129 (N). Miranda: Los Teques, 1500 m., 
Pittier 6486 (N). Merida:. Paramo Quirora, 2600 m., Jahn 884 
(N). Paramo de Morro, 2800 m., Jahn 1058 (N), Merida, 1700 
m., Pittier 12S57 (N, Y).— Colombia: Santander: Mesa de los 
Santos, 1500 m., Killip & Smith 15006 (A, G, N, Y), 15068 
(A, G, N, Y), 15116 (A, G, N, Y)* 

This species appears to be confined to the mountains of north¬ 
eastern Colombia and western Venezuela. In the Venezuelan 
material the leaves are smaller and thinner, and the rays of the 
inflorescence very slender. Gradations between this and typical 
V. leptophylium are found in the Colombian specimens from the 
Mesa de los Santos. 

9 . Viburnum fioccosum sp. nov. Tree or shrub, 2 . 5-5 111. 
high, with terete branches and branchiets, the branchlets and 
rays of inflorescence densely rufo-stellate-tomentose with matted 
hairs; petioles 5-8 mm. long; leaves oblong or ovate-oblong, 7-12 
cm. long, 3-6 cm. wide, obtuse or obtusely acuminate at apex, 
rounded at base, coriaceous, sparingly stellate-pubescent on 
nerves and veins; peduncles very stout, up to 8 cm. long; corymbs 
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ebracteate, about io cm. wide, 7-10-rayed (rays nearly straight, 
ascending), 2- or 3-times branched, bracte-olate, the bractlets 
about 1.5 111111. long, soon deciduous; calyx tube 1.3 mm. long, 
glandular-punctate, the lobes ovate, .y-.8 mm. long, acutish, ciliate 
(cilia up to .3 mm. long) ; corolla white, about 2 mm. in diameter 
at base, 4 nun. long, the lobes oblong, about 2.2 mm. wide. 

Type, Killip & Smith 18082, collected Jan. 24, 1927, in oak 
forest, vicinity of La Baja, Dept. Santander, Colombia, alt. 3500 
m., and deposited in the U. S. National Herbarium (no. 
1,353,553). Duplicates A, G, Y. Other specimens are: Dept. 
Santander: California, 3000 m., Killip & Smith i6pi6 (A, G, N, 
Y). Charta, 2000 111., Killip & Smith 18869 (A, G, N, Y). 

10. Viburnum divaricatum Benth. PL Hartw. 132. 1844. 
Shrub, 2.5-4 111. high, with lax, densely stellate-pubescent branch- 
lets, the upper internodes 5-8 cm. long; petioles 5-10 mm. long; 
leaves ovate-elliptic or oblong, 6-8 cm. long, 2-4 cm. wide, acumi¬ 
nate or subobtuse and short-cuspidate at apex, rounded or acutish 
at base, subentire, sparsely stellate-pubescent on both sides, the 
nerves 4 or 5 to a side, relatively distant; peduncles 6-8 cm. long, 
somewhat curved, densely stellate-pubescent; corymbs ebracteate, 
up to 10 cm. wide at anthesis (broader in fruit), 2- or 3-times 
branched, about 7-rayed, the rays slender, wide-spreading, the 
flowers not clustered, distinctly pediceled, with 2 minute sessile, 
setaceous bractlets at base; fruit oblong, 4-5 mm. long (imma¬ 
ture). 

Ecuador: Mount Pacclia (N, photo of type). 

This species, known to us only from a photograph of the type, 
is characterized by a lax, wide-spreading inflorescence, the flowers 
being quite distinct from each other, even at anthesis. In this 
respect it resembles F. cornifolum (Killip 11648), a species with 
distinctly oval leaves, which have conspicuous caudate-tips. 

11 . Viburnum cornifolium sp. nov. Shrub or small tree; 
branchlets terete, essentially glabrous, reddish brown; petioles 
4-5 mm. long, minutely appressed-hirtellous; leaves ovate or 
oblong-ovate, 7-14 cm. long, 4-7 cm. wide, caudate-acuminate 
(tip sometimes to 2.5 cm. long), subacute at base, entire, glabrous 
above, or usually minutely stellate-hirtelkms on the midnerve, 
essentially glabrous beneath, the nerves 5 or 6 to a side, arcuate- 
ascending; peduncles 5 to 10 cm. long, minutely stellate-tomen- 
tose; corymbs ebracteate, up to 12 cm. wide, 6- or 7-rayed, 3- 
or 4-times branched, ebracteolate, the rays finely hirtelkms; calyx 
tube about 1,2 mm. long, glabrous, glandular-punctate, the lobes 
semicircular, 0,5 mm. long, finely ciliate ; corolla 1,3 mm. in diam¬ 
eter at base, about 2.7 mm. long, the lobes ovate, 1.8 mm. wide. 
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Type, Kill ip 11648, collected Sept. 24-29, 1922, at Pavas, Dept. 
El Valle, Colombia, alt. 1700-2100 m., and deposited in the U. S. 
National Herbarium (no. 1,143,262). Duplicate Y. Other collec¬ 
tions (also from Colombia) are: Dept. Antioquia: Valparaiso, 
vicinity of Medellin, Toro 1377 (Y), with larger flowers, the 
corolla lip to 3.5 mm. long, the lobes proportionately broader, 
2.3 111111. wide. El Valle: Calima, Killip 11206 (N, Y). 

12 . Viburnum Lehmannii sp. nov. Shrub or tree (?) ; 
branchlets terete, densely hirsutulous; petioles 5-8 mm. long; 
leaves oblong-lanceolate, 5-10 cm. long, 2-4 cm. wide, acumin¬ 
ate at apex, rounded at base, entire, glabrous or sparsely stellate- 
pubescent above, sparingly stellate-hirsutulous beneath, the nerves 
4 or 5 to a side, arcuate-ascending; peduncles 2-6 cm. long; 
corymbs 3-5 cm. wide, rufo-hirsutulous with simple or stel¬ 
late hairs, bracteate (bracts linear, about 7 mm. long, deciduous), 
6- or 7-rayed, 3-times branched, bracteolate, the bractlets linear- 
spatulate, 2-3 mm. long; calyx tube about 1 mm. long, glandular- 
punctate, with a few scattered slender hairs, the lobes ovate, about 
.6 mm. long, aeutish, sometimes slightly ciliate; corolla 1.3 mm. in 
diameter at base, about 2.5 mm. long, the lobes oblong, 1.6 mm. 
wide. 

Type, Lehmann BT6/I, collected Feb., 1884, in highlands of 
Pc pay an, Dept. El Caiica, Colombia, alt. 1500-2000 m., and de¬ 
posited in the herbarium of the New York Botanical Garden. 
Duplicate N. Another specimen is: El Cauca: Silvia, north of 
Popayan , Lehmann p6p (Y). 

13 . Viburnum Toronis sp. nov. Tree or shrub; branch- 
lets terete, essentially glabrous, lustrous; petioles 3-5 mm. long; 
leaves nearrowly oblong, 10-17 cm. long, 3.5-5.5 cm. wide, long- 
acuminate at apex (tip 1-1.5 cm. long), subacute at base, entire 
or subentire, glabrous above or the midnerve often minutely 
tomentellous, glabrous beneath; peduncles stout, 7 cm. long; 
corymbs ebracteate, wide-spreading, up to 13 cm. wide, 6-rayed, 
bracteolate, the bractlets ovate-lanceolate, up to 3 mm. long; calyx 
4- or 5- times branched, the branches finely stellate-to mentulose, 
tube .8 mm. long, sparsely glandular-punctate, the lobes ovate, 
about~8 mm. long, aeutish, faintly ciliate; corolla 1-1,3 mm. in 
diameter at base, about 2 mm. long, the lobes oblong, 1.6 mm. 
wide. 

Type, Toro 424, collected Aug. 20, 1927, at Medellin, Dept. An¬ 
tioquia, Colombia, and deposited in the herbarium of the New 
York Botanical Garden. .Duplicate N. 
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Studies on the morphology of Onagraceae 
I. The megagametophyte of Hartmannia tetraptera 
Donald A, Johansen 
(with a text figure and PLATE II) 

In his memorable paper on the embryo sac of angiosperms 
Guignard (1882) includes, among other species, Oenothera tetra¬ 
ptera Cavanilles [= Hartmannia tetraptera (Cav.) Small]. He 
outlines megagametogenesis in this species, and describes the ma¬ 
ture megagametophyte as being similar in organization to the usual 
octonucleate type. For some unfathomable reason, this paper of 
Guignard’s appears to have been overlooked by most of those who 
have worked upon the onagracean megagametophyte; at least, 
attention has not hitherto been directed to the fact that if a species 
belonging to the Onagraceae (excluding the genera Trapa and 
Montinia ) actually possesses an octonucleate megagametophyte, 
this information would be decidedly interesting, if not startling, 
since one of the indisputable diagnostic characters of the family is 
the tetranucleate megagametophyte described by all other investi¬ 
gators since Hofmeister (1847). 

Material of Hartmannia tetraptera being available since 1925 
in my collection of the Onagraceae growing at Stanford Univer¬ 
sity, it was considered desirable to re-examine this species and to 
confirm or disprove Guignard's observations. 

Apart from the connection between this study and that of 
Guignard, many interesting peculiarities were observed in the 
ovule and associated structures and these alone were considered 
of sufficient interest to warrant publication. 

MATERIALS AND METHODS 

It will naturally be necessary to accept for granted that the 
species employed in this study is identical with that of Guignard, 
since the latter neither describes his species in any particular nor 
states the source of his plants. Certain historical information, 
however, is available. From Desfontaines (1829) we learn that 
as early as 1804 Oenothera tetraptera was cultivated in the garden 
of the Museum d’Histoire Naturelle in Paris and that the original 
source of the species is given as Mexico. Oenothera rosea was 
also cultivated, its country of origin being Pent. Curtis (1800) 
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gives the native country -of Oe. tetraptera as Mexico, adding that 
it was probably first introduced into England from Spain. Curtis" 
illustration is quite accurate, but in my plants I have never noticed 
the red spots on the stems and the reddish margins of the older 
leaves which his figure shows. 

The geographical range of Hartmannia tetraptera is from 
Texas through Mexico and Central America to northern South 
America. It occurs also in Jamaica. It has so far been im¬ 
possible to collect material from plants in their native habitat, 
hence recourse to cultivated plants became necessary. Live plants 
were secured from Mr. Carl Purdy of Ukiah, California, and seed 
from Heinr. Mette of Onedlinberg, Germany. In the garden 
only minor genetical differences were observed from 1925 to 1927, 
but these became more pronounced in 1928. 

Purdy’s plants are doubtless Texan in origin, but those grown 
from the German seed probably came originally from Mexico, 
perhaps by way of France. An examination of herbarium speci¬ 
mens at the New York Botanical Garden gave evidence that as 
one progresses northward from -the Mexican plateaus into the 
Texan plains, the plants become larger,, the foliage less dissected 
below, and the flowers become larger and usually take on a reddish 
tinge, even becoming rose-purple in color. The flowers of my 
plants were pure white in color, turning pinkish on dying. 

H. tetraptera has been much confused with H. speciosa and 
even more so with H. rosea . Many of the plants circulating 
among gardeners as H. rosea are probably only rose-flowered 
varieties or forms of H. tetraptera. There is also considerable 
confusion regarding the plant variously known as Oenothera 
mexicana rosea , Oe. rosea mexicana, Oe. ChUdsii (Child’s Eve¬ 
ning Primrose) etc. This plant is identified by Bailey (1916, 
p. 2332) as Oe. tetraptera var. ChUdsii It is distinctly a Hart - 
mannia and in my garden is labelled H. tetraptera var. ChUdsii, 
it being intended that this combination shall stand until further 
research establishes the true status of the species. I am inclined, 
as is Bailey, to consider it a distinct species. 

Young ovaries to illustrate the series of stages comprising 
•megagametogenesis were trimmed down to a convenient size, 
placed in Petrunkewitsch’s fluid, and the air removed with a 
special hand pump. For later stages, beginning with fertilization, 
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It Is necessary to cut away all ovarian tissue possible. For the 
early stages in embryogenesis fixation in a modified formalin- 
acetic acid-alcohol was more satisfactory. The ovaries were sec¬ 
tioned both transversely and longitudinally at 12 microns, and 
stained with safranin, counterstained anilin blue (for permanency) 
or light green (somewhat fugitive on this material). 

HISTORICAL RESUME 

Gates (1928) has recently given a resume of studies on the 
embryo sac of the Onagraceae, hence it will merely be necessary 
to mention certain omissions in his summary. In addition to 
Guignard’s paper, Gates has omitted those of Vesque (1879), 
Rutgers (1923) and O’Neal (1923) ; he fails to note that certain 
authors whose papers are mentioned under other headings have 
given attention to various details *of megagametogenesis (e.g. 
Hakansson, 1924). 

Since it is now known that nuclear behavior in most of the 
Fuchsias is irregular (vide Tackholm, 1915, Johansen, 1927), and 
in view of the notorious prevalence of parthenocarpy in the genus, 
it is not at all surprising that Vesque describes anomalous stages 
leading up to the organization of a pentanucleate megagameto¬ 
phyte in Fuchsia fulgcns. His observations lose some of their 
quality through lack of comparison with species in related genera. 
Rutgers includes the Onagraceae in his study of the female 
gametophyte of angiosperms but makes no new morphological con¬ 
tribution. O’Neal describes the development of the megagameto- 
phyte and fertilization in Oenothera mbrinenhs . The writer 
(Johansen, 1927) has described various stages in the development 
of the megagametophyte of nine Californian species. 

THE OVARY AND OVULES 

Although the earlier stages in the development of the ovule 
were not followed out in detail, there is nothing to indicate any 
irregularities which might later affect the organization of the 
megagametophyte. At the time the gametophytes are ready for 
fertilization, the ovary contains a large number of ovules loosely 
and variously arranged in each of the four locules. Some ovules 
are parallel to the locular wall, others are horizontally placed, 
while still others are reversed from the normal ■ anatropous posi- 
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lion typical of the Onagraceae. Every degree of variation be¬ 
tween the extremes is to be seen. The first meiotic mitosis occurs 
more or less simultaneously among all the ovules, but after that 
the ovules do not all develop at the same rate, consequently only a 
small percentage of the gametophytes are at the same stage of 
development or organization. 

The partitions separating the locules disintegrate at an early 
stage, thus giving the numerous ovules more room in which to 
expand. The ovules, nevertheless, are among the smallest in the 
family and are characterized by the compactness of the various 
ovular structures. 

Twin ovules occur frequently. They are enclosed in a common 
inner and outer integument and are ordinarily separated by dis¬ 
tinct nucellar epidermal layers, though in a few instances a modi¬ 
fied inner integument separates the two. Each twin possesses its 
individual hypostase. No attempt has ever been made—at least, 
not in this species—to ascertain the origin of these twin ovules. 

This species possesses a very prominent hypostase (fig. 13), 
which often appears to assume the cupule form originally 
described by Van Tieghem (for a discussion of this subject and 
the pertinent literature, see Johansen, 1928). This condition is 
brought about when the characteristic fluid substance filling the 
cells comprising the hypostase permeates the inner layer of the 
inner integument (one layer of cells in thickness), beginning at 
the chalaza and extending to the apex of the ovule, where an 
epistase independently makes its appearance shortly after fertili¬ 
zation. 

DEVELOPMENT AND ORGANIZATION OP THE MEGAGAMETOPHYTE 

a) The m e gasp or 0 cyte. In Hartmannia tetraptera the mega- 
sporocyte does not make its appearance in the ovule at the early 
stage that it does in many other onagrads; the reason may possibly 
be found in the fact that early growth of the ovule is compara¬ 
tively slow. A large hypodermal cell at the apex of the nucellus 
becomes larger than its fellows, shows evidence of greater meta¬ 
bolic activity, and is soon identifiable as the archesporial initial. 
It divides periclinally, the lower daughter cell becoming the 
megasporocyte, whilst the upper, by a succession of principally 
periclinal divisions, gives rise to a regular series of cell-layers be- 
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tween the micropyle and embryo sac (the tapetmn). These divi¬ 
sions rapidly place the elongating megasporocyte deep in a large 
mass of cells, directly over tire chalazal end of the ovule. There 
is, in this species, not the wide variation in number of layers of 
tapetal cells found in many other onagrads. The megasporocyte 
gradually increases in size, especially in length, and the nucleus 
moves slightly towards the micropylar end. The lower part of 
the cell is occasionally occupied by a vacuole, brought into ex¬ 
istence by reason of the fact that the cytoplasm does not increase 
at the same rate as the cell, but it presently disappears. Prepara¬ 
tion for the meiotic mitoses resulting in the formation of the 
quartet now commences. Only one megasporocyte has ever been 
observed in this species; it might be said in passing that I am 
constrained to regard with skepticism some of the published ac¬ 
counts of ‘several archesporial cells’ in various onagrads: in the 
earlier stages of the present work mv notes read ‘probably several 
archesporial initials,’ but the fact that only a single mature mega¬ 
sporocyte was ever observed led to critical attention being devoted 
to this topic. With carefully controlled staining it was demon¬ 
strated that cells adjoining the archesporial initial may often simu¬ 
late the functional appearance of the latter. 

h) Meiosis . Since this paper is primarily morphological, it is 
not intended to enter into a detailed discussion of meiosis; this 
topic will be treated in a later paper in connection with a discus¬ 
sion of meiotic phenomena in the microsporocyte. However, it 
may be stated that the mode of meiosis is telosynaptic and that the 
normal haploid number of chromosomes is seven, the diploid four¬ 
teen (fig. I). Variations in the number of microsporocvtic 
chromosomes (seven, eight, ten) have been found in 1928 ma¬ 
terial; the range has not yet been determined. 

c) The quartet . The reduction divisions result in the forma¬ 
tion of four megaspores, arranged in a linear series. In so far as 
potentialities for germination are concerned, each megaspore is' 
equal to the others, but the micropylar megaspore of the quartet 
invariably becomes functional. The three inner megaspores per¬ 
sist for a long time, and may even be observable after fertilization 
has taken place (figs. 2, 3). 

d) •The megagametophyte. During the growth of the func¬ 
tional megaspore, a gradually enlarging vacuole appears in the 
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chalazal portion, forcing the nucleus towards the other end of 
the cell (fig. 2). The size of the vacuole varies considerably, but 
the nucleus is always to be found near the micropylar end of the 
cell. When the new megagametophyte, now in the initial stages of 
organization, has about attained its limit of expansion, the first 
division occurs. The plane of the spindle of this division is always 
parallel to the longitudinal axis of the ovule. The binucleate 
condition persists for some time, during which period the sac 
enlarges a little more at the expense of the surrounding nucellar 
cells. In the second and final division, the plane of the spindle of 
the upper (micropylar) nucleus is transverse, while that of the 
lower is parallel to the longitudinal axis (fig. 3). There are two 
divisions only in the functional megaspore of the Onagraceae, in 
contrast to the three which give rise to the octonucleate gameto- 
phvte in the majority of angiosperms. 

The organization of the four free nuclei into the various 
structures of the mature megagametophyte has not been described 
in detail for any onagrad, probably because the process, when 
once initiated, is consummated with incredible rapidity. My own 
observations are not as thorough as might be desirable, but they 
are perhaps worth recording. The two nuclei derived from the 
nucleus remaining in the upper portion of the sac following the 
second division become the synergid nuclei, while those from the 
lower nucleus become respectively the nucleus of the egg cell and 
the polar nucleus. The spindle fibers from the division of the 
uppermost nucleus initiate the formation of the walls surrounding 
the two synergids, while the lower spindle disappears immediately 
upon the reorganization of the daughter nuclei (fig. 4). The two 
walls being formed are loosely held together and are not con¬ 
nected by a middle lamella; this permits divergence of the walls 
and the assumption of the pyriform shape of the synergids. It has 
been very difficult to establish the exact manner in which the egg 
cell wall arises, if one prefers to seek a mechanical explanation 
rather than accept the alternative theory that it originates de novo 
in the cytoplasm. The only objection to this alternative is that it 
does not explain why a wall is not also formed around the polar 
nucleus. In the lower part of the diverged synergid walls an un¬ 
equal split was thrice observed. This constitutes the basis for 
my theory that the egg cell wall, if not an outgrowth from those 
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enclosing the synergids, is at least stimulated into development by 
and during their growth. Its origin is diagrammatical!}' explained 
in text-figure i. It differs from the synergic! walls in that the 
latter give cellulose reactions alone, while the egg cell wall has 
neither a pectic nor a cellulose reaction. The latter reactions were 
also obtained by Ishikawa (1918). Cell walls in abnormal embryo 
sacs are usually simple protoplasmic membranes. 





Fig. 1, A-D. Wall formation in the megagametophyte of the Ona- 
graceae, based on Hartmannia tetraptera (diagrammatic). (A) Conclusion 
of the second and final division in the embryo sac. (B) Early wall forma¬ 
tion. Notice the disappearance of the lower spindle. (C) Later stage. 
Wall between the synergids is definite: elsewhere it is still in a formative 
stage, (D) Wall formation complete; megagametophyte mature and ready 
for fertilization. The splits in (C) are due to the fact that no middle 
lamella is developed. 

The egg cell is more or less open towards the apex ; the nucleus 
together with a small amount of dense cytoplasm is crowded 
against the lower wall by a huge vacuole which occupies by far 
the greater part of the egg cell (figs. 8, io). 

The polar nucleus in about half the observed cases is 11011- 
nucleolate, a rare condition for the family. In many instances of 
nucleolate polar nuclei, the nucleolus lias a distinctly amoeboid 
shape. This phenomenon has been observed in other species, and 
is considered a stage in the decreasing importance of the ‘en¬ 
dosperm/ This topic is being discussed in detail in another paper 
of the present series. 

In H. tetraptera the developing megagametophyte attacks the 
surrounding nucellar cells to a greater extent perhaps than in any : 
other species of the family so far investigated. The female. 
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gametophyte Is always broad and densely packed with foodstuffs, 
hence the unusual ravages upon the nucellar cells may be ex¬ 
plained. The starch grains are large in size but sparing!}' scattered 
throughout the entire tapetum and in the greater portion of the 
nucellus. However, the mass of the demolished synergids to¬ 
gether with the remnants of the pollen tube provides the main 
source of nutriment during the earlier stages of embryo develop¬ 
ment, 

c) The filiform apparatus and synergid indentations . This 
paper was ready to be forwarded for publication when the paper 
of Dahlgren (192S) on synergid indentations appeared. Since my 
conclusions are different from Dahlgren’s, and a somewhat more 
comprehensive series of observations have been made, it was felt 
advisable to reconstruct and enlarge those portions of the paper 
relating to these topics. 

Normal megagametophytes of H. tetraptera have been roughly 
divided into two classes, although the ultimate significance of the 
basis for the division cannot be foretold. The first class (fig 7) 
is characterized by the presence of the peculiar filiform apparatus 
in the beaks of the synergids, while in the other group (fig. 6) 
there is no indication whatever of this peculiarity. In other 
structural details the two classes are essentially similar, and they 
occur in approximately equal numbers in any given ovary. 

Dahlgren does not devote any particular attention to the fili¬ 
form apparatus, merely quoting the opinion of one writer that the 
formation of indentations depends upon the existence of the 
filiform apparatus, and quoting the converse for another writer. 
The median course seems preferable, since there is no indisputable 
evidence that a definite relationship exists between the filiform 
apparatus and the indentations. 

The filiform apparatus, when present, is a semi-solid mass in 
whose lower portion are found a number of very minute canals or 
striations, arising in the basal part and converging towards the 
apex, but not reaching the tips of the synergids (fig. 7). This 
structure, as noted by Dahlgren, has been found in a great many 
plants from other families, but mv observations indicate that it is 
: especially prominent in, and characteristic of the Onagraceae. It 
is readily revealed by light green used in contrast to safranin, 
though gentian violet is more likely to indicate the delicate pores 
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or striations. The uppermost part of the synergic!, above the 
striations, is a clear space, which is doubtless the repository for 
the chemotactic substance supposed to attract the microgameto- 
phvte. Dahlgren, however, believes that the evidence that the 
synergids secrete a chemotactic substance is based on "rather loose 
grounds.’ I do not concur in this view, for in Clarkia elegans I 
have often noticed on the external walls at the tips of the syner¬ 
gids large droplets of an exudate which have the identical chemi¬ 
cal reactions of the substance contained in the apices of the 
synergids. Smaller droplets may even he found in the tapetum 
where the cells have broken apart. It appears more likely that 
this substance secreted by the synergids does not necessarily of 
itself act chemotactically towards the microgametophyte, but 
assists in preparing the way for the entrance of the latter by at¬ 
tacking the cells in the tapetum between the micropyle and the 
apex of the embryo sac. In those synergids lacking the filiform 
apparatus, the apices contain the same finely vacuolate cytoplasm 
as is found in other parts of the synergid outside the basal vacuole 
(fig. 6). 

In his earlier work, Dahlgren considered the indentations to be 
artifacts, but later modified this view, and wrote: "If the indenta¬ 
tions are not attributable to methods of preparation, their origin 
must be dependent upon developmental-mechanical causes alone. 5 
He believes with Asplund that they are "certainly without any 
physiological significance.’ To summarize my own conclusions 
regarding the indentations peculiar to the onagrad synergids: 
they are as perfectly natural characters as the filiform apparatus 
or the omnipresent basal vacuole, and their purpose may be both 
physiological and mechanical. It should be borne in mind that 
synergids which become haustorial, as in Helianthus annuits and in 
many other Compositae, are in an entirely different category from 
synergids which are prevented by comparatively thick cellulose 
walls from becoming haustorial.* Haustorial synergids, moreover, 
rarely if ever possess the filiform apparatus; in such synergids, 
physiologically speaking, the haustorial function supplants the 
‘chemotactic’ and to the same end. 

Synergids possessing a well defined filiform apparatus appar¬ 
ently have a high metabolic rate, and as they become older they 
get more and more exhausted, since they cannot receive from 
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outside the equivalent of ‘raw materials. 7 Collapse and shrinkage 
are inevitable unless fertilization intervenes; this is especially true 
of species inhabiting localities that support herbaceous plant life 
for two or three months only per annum. The shrinkage of 
synergids has no connection whatever with the presence or absence 
of indentations. The indentations, which extend around approxi¬ 
mately three-fourths the circumference of the synergids, are clear¬ 
ly shown in text-figure i, D. 

The synergids have been observed to serve a definite mechani¬ 
cal purpose. In megagametophytes whose synergids very likely 
lacked indentations, the microgametophyte entered with such force 
that both synergids were completely demolished and the egg cell 
was forced beyond the center of the sac. In other species whose 
synergids were supplied with well formed indentations, the initial 
force seemed to be the same as in H. tetraptera, but the synergids 
withstood the shock without much damage to themselves. These 
facts furnish the basis for the writer’^ theory that one of the 
principal functions of the synergids is to serve as ‘shock absorbers’ 
against the too violent entrance of the pollen tube, thus prevent¬ 
ing the complete demolition and consequent degeneration of the 
megagametophyte. 

Dahlgren states that he investigated plants of the Onagraceae 
but found unmistakable indentations in Clarkia pulchella only. 
Clarkia, Eucharidium and Godetia, I find, are very likely to have 
shrunken synergids because ovaries of these genera are very 
difficult to fix properly. The Epilobiums have very poorly 
developed synergids. In other onagrads, beautifully organized 
synergids may easily be found in Anogra trichocalyx, Sphaero - 
stigma Veitchianmn, and Zauschneria calif arnica, 

TERATOLOGICAL MEGAGAMETOPHYTES 

Many types of irregularities are frequently met with (figs, 9, 
10, 11, 12), and poor organization of the megagametophyte is com¬ 
monly encountered. The trouble generally lies with the primary 
synergid nucleus, which often fails entirely to divide; sometimes 
it simulates the appearance of a normal (i.e. for this species) 
synergid (fig. 10), and in other cases it is merely a large cell 
(fig. 9). In any event, it may be identified by the omnipresent 
basal vacuole. This recalls conditions in the markedly anomalous 
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megagametopliytes of the garden Fuchsias. The failure of the 
primary synergid nucleus to divide disrupts the organization of the 
gametophyte; but despite the lack of normality, few supernumer¬ 
ary nuclei and no superfluous sacs have been observed in the 
hundreds of ovaries sectioned and examined. 

CONCLUSIONS 

In conclusion, the megagametophyte of Hartmannia tetraptera 
may be considered a pronouncedly transitory type, and this is in 
agreement with the idea of Broekens (1924) that the genus 
( = Xyloplcurum ) constitutes an intermediary group between 
Kneiffia linifolia and Jnssieua-Yike ancestors. The only species of 
Kneiffia of which I have preparations available at present is K. 
fruticosa (inch K . linearis), originally obtained in 1925 from Mr. 
Purdy’s nursery. I cannot tell how closely it resembles K. linifolia 
morphologically. The synergids of K . fruticosa, in the majority 
of mature megagametopliytes, possess well defined indentations, 
while in others this peculiarity is somewhat rudimentary. The 
filiform apparatus is always present. 

The evidence seems conclusive that Guignard was somewhat 
hasty in his attempt to substantiate his thesis that the embryo sacs 
of all angiosperms have the same fundamental octonucleate or¬ 
ganization. Either his observations were incomplete or his inter¬ 
pretations erroneous; the only explanation possible is that his two 
polar nuclei represent a binucleolate polar nucleus and the three 
‘poorly developed antipodals’ are the three persistent, non-func¬ 
tional megaspores (consult fig. 3). The synergids and egg cell 
as delineated require no special criticism. 

SUMMARY 

1. Guignard’s description of an octonucleate megagameto¬ 
phyte for Hartmannia ( Oenothera ) tetraptcra is not confirmed: 
the species is as regularly tetranucleate as any other species of the 
Gnagraceae. 

2. The species is in a transitory stage, as evidenced by cyto- 
logical behavior in the megaspores, megagametopliytes and micro- 
sporocvtes. Phylogenetic forces are in active operation. 

3. The probable method of cell-wall formation in the embryo 
sac is described. 
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4. The filiform apparatus and the indentations characterizing 
the synergids are entirely normal structures. 

5. The normal haploid number of chromosomes is 7, the 
diploid 14, but some variation exists. 

The material was collected while the writer was a University 
Fellow at Stanford University; the paper was prepared during the 
tenure of a National Research Fellowship in the Biological 
Sciences, with residence at the New York Botanical Garden. 

Stanford University 
California 
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Description o£ plate 11 
All except figure 13, X450- Figure 13, Xioo. 

Fig. 1. First meiotic mitosis in the megasporocyte. Seven haploid 
chromosomes. 

Fig. 2. Binucleate megagametophyte. The lower three megaspores still 
persistent. 

Fig. 3. Second mitosis in the megagametophyte. Seven haploid chromo¬ 
somes on each spindle. In this instance, the three non-functional megaspores 
are within the embryo sac, the cytoplasm of one having partially united 
with that of the megagametophyte. It was doubtless in a case such as this 
that Guignard mistook the non-funotional megaspores for antipodal cells. 

Fig. 4. Tetranucleate megagametophyte, with the earliest observed 
stage in the process of synergid wall development. 

Fig. 5. Organization of the megagametophyte nearly complete. The 
characteristic vacuole is just appearing in the synergid to the left. 

Fig. 6. Mature megagametophyte representing the type characterized 
by the absence of the filiform apparatus. 

Fig. 7. The same, but with the filiform apparatus present. In this, as 
in the preceding figure, the indentations are absent from the synergids. The 
polar nucleus in each case is non-nucleolate. 

Fig. 8. Hypertrophied synergid in an unusually large embryo sac. 
Polar nucleus is nucleolate. 

Figs. 9, 10. Abnormal megagametophytes in which the primary synergid 
nucleus failed to divide. The synergid in figure 10 has a double indentation. 

Fig. 11, An abortive attempt to form two megagametophytes in the 
same embryo sac. The fourth nucleus of the upper group is in a succeeding 
section. 

Fig.-12. Probably an earlier stage than the preceding figure. The cause 
seems to lie in a precocious mitosis in the functioning megaspore, with 
simultaneous transverse cleavage -of the cytoplasm. 

Fig. 13, Topography of the ovule (median longitudinal section) at the 
time the megagametophyte is ready for fertilization. Inner integument 
stippled; hypostase solid black. 





A comparison of the behavior of crown gall and cancer 
transplants 

Michael Levine 
(with plates 12, 13) 

The transfer of small pieces of tumor tissue from one ani¬ 
mal to another of the same species is now a well established lab¬ 
oratory procedure for propagating animal cancer. The view held 
by Jensen (1903) and confirmed by Bash ford and Murray in 1904, 
and together with Cramer in 1905, that the growth of the trans¬ 
planted portion of the tumor is responsible for the new growth 
in the host and is not the product of the host, is now also gener¬ 
ally accepted (see Loeb, 1901-2). 

A study of the transplanted malignant cells shows that they 
possess the faculty of continuous growth and utilize the tissue 
of. the host to the fullest extent. The host tissue does not ac¬ 
quire the power to proliferate. 

The stroma of the tumor, however, consists of a connective 
tissue network and a blood supply system which are the direct 
outgrowths of the host. The stroma forms the framework about 
which the rapidly dividing and growing cancer cells are formed. 
This reaction of the host Ehrlich (1907) attributed to specific 
substances formed by the tumor cells which act upon the fibro¬ 
blasts and angioblasts of the host. Apolant, according to Wog- 
lom (1913) believes that the preponderance oi one of these ele¬ 
ments of the stroma over the other is due to an unequal stimu¬ 
lation of the Anlagen of these tissues. A well balanced stimula¬ 
tion of both elements produces a well supported and well nourished 
carcinoma. Gierke (1908) pointed out that the extent to which 
a cancerous growth develops depends upon the formation of the 
connective tissue and blood vessels. The character of the blood 
supply furnished by the host may be altered by changes in tem¬ 
perature, Certain hosts which are resistant to the growth of the 
transplant fail to* produce the necessary blood supply for it. 

Crown gall is a localized overgrowth of plant tissue and 
may be induced most readily by pricking the plant, where the 
plant tumor is desired, with a steel needle previously immersed 
in a sub-culture of Bacterium tumefaciens. The inoculation of 
this organism, preferably into the younger portions of the plant, 



300 


BULLETIN OF THE TORREY CLUB 


[VOL. 56 


results , in ; the development of; ran;; overgrowth. the 

region of inoculation from fifteen to thirty days later. The de¬ 
velopment of fibrovascular elements in plant overgrowths has 
been considered by Smith (1911) as analogous to the stroma 

in animal cancer. ■■ : • . 

. This so-called stroma oif - the crown .gall tissue presents a 
marked contrast to that in animal or human cancer. The young 
tumor in plants shows no ftbro vascular elements. In old crown 
galls the fibrovascular elements, if present, may be due to the 
displacement of old tubes and vessels by the growth of the 
rapidly proliferating meristematic tissue formed about them, or 
they may arise, as they most frequently do, by the differentiation 
of the. proliferating cambium tissue. In this case nourishment 
could hardly be brought through the disconnected and isolated 
vessels or tubes. These vessels or tubes arise entirely from the 
crown gall tissue itself and do not grow into the gall. I11 the 
former cases the crown gall tissue surrounds the old fibrovascu- 
lar elements. These elements are not capable of further growth 
once they are fully developed. 

The transplantation of crown gall tissue to healthy parts of 
the same plant (autotransplant) or to other plants (homeo- or 
heterotransplants) has never been a question of the propaga¬ 
tion of this disease. The transplantability of crown gall tis¬ 
sue to healthy plants is another means of comparing the pro¬ 
liferating power of crown gall and cancer cells, and of estab¬ 
lishing any analogy that may exist between them. 

Jensen (1910, 1918) compared the neoplasms of animals and 
plants, and raised the question of the transmissibiiity of this 
plant disease by transplants. He transplanted inocula of crown 
gall tissue of spontaneous and artificially produced origins to 
healthy plants of the same species. Jensen (1918) figures the 
results of successful transplantations of crown gall tissue from 
the yellow sugar beet to the red mangel, and of the crown gall 
tissue of the latter to healthy roots of the former. He con¬ 
tends that the tumors formed are due exclusively to the growth 
of the transplanted crown gall tissue, which corresponds in ap¬ 
pearance and structure entirely to the mother tumor. It is of 
importance to note that isolation of B. tumefaciens from the 
spontaneous crown galls of mangels and sugar beets was sue- 
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cessful in only one case. Jensen believes that while B. tunic- 
faciens causes crown gall in beets, the bacteria die off in older 
plant overgrowths. He was unable to recover this organism 
from crown galls produced by transplanted tissue of spontane¬ 
ous origin. Jensen thinks it extremely probable that the cells 
of the tissue under the influence of the bacteria become altered 
for a series of generations and develop the increased proliferat¬ 
ing power which becomes independent of continued stimulation. 
Jensen states that tumors on beets produced artificially through 
the agency of B. tumefaciens behave like spontaneous 
growths. Jensen obtained the same results with his transplants 
whether he used spontaneous or artificially produced tumors. 
On the basis of these observations Jensen holds to the opinion 
that crown gall is analogous to animal cancer. 

In view of these results it has seemed to me to be of in¬ 
terest to study further the transplantability of artificially pro¬ 
duced crown galls and their effects on the host of similar spe¬ 
cies. Another point of interest is to test the effect of crown 
gall tissue of cine species of plant transplanted on widely sep¬ 
arated species. The production of crown gall disease under 
these conditions would tend to indicate that this is an effect of 
the bacterical organism present in the transplant rather than 
the growth of the inoculum. Spontaneous crown galls, accord¬ 
ing to Jensen, have few or no bacteria, while artificially pro¬ 
duced crown galls in my studies yield an abundance of B. tume¬ 
faciens under proper cultural conditions. It has been shown 
(Levine, 1923) that the number of bacteria introduced into a 
wound in the plant is of no importance in the production of 
the overgrowth. 

It is with crown gall of the artificially produced type that 

tests were made in order to throw further light on the ques¬ 
tion of the behavior of crown gall transplants and their ana¬ 
logy to transplants of animal cancer. 

MATERIAL AND METHODS 

Experiments on the transplantability of crown gall tissue 
to healthy plants were started in the spring of 1925 and were 
carried on for three consecutive summers. Most of the tests 
were repeated two and three times. The plants studied were 
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grown in the garden. A large number of the experiments were 
carried over the winter season in the greenhouse and in a 
well lighted room. The garden space was divided into a num¬ 
ber of plots, each of which was sown with seeds or cuttings of 
one species of plant. The castor bean (Ricinus communis), to¬ 
mato (Lycopersicum esculentum) var. earliana, and the beet 
(Beta vulgaris) vars. garden beet, yellow tankard, and red colos¬ 
sal were the chief sources of crown gall tissue as well as hosts 
for the transplants. The geranium, tobacco (Nicotiana affinis 
and N. Tabacum), the rubber tree (Ficus elastica) and the rose 
plant were used primarily as hosts. 

Some of the plants in each plot were inoculated with young 
or old sub-cultures of a virulent strain of B. tumefaciens. Only 
young petioles and growing points of the plant were used for 
study. Crown galls were formed in all plants by the inocula¬ 
tion of the bacterium fifteen or thirty days later. N. affinis 
in my cultures failed to yield crown galls on inoculation with 
this organism. These plants remained immune to crown gall 
throughout this experiment. In 1928 over 200 inoculations were 
made with B. tumefaciens in over 100 plants of this species 
without producing any overgrowth. 

Young crown galls used for inoculation purposes were re¬ 
moved together with a larger portion of the plant on which 
they were growing. The shoot, root, or leaf was taken to the 
laboratory, where the crown gall was removed with a sterile 
knife and forceps. The gall was washed several times in sterile 
water and was then subjected to a weak solution of bichloride 
of mercury for several minutes. The entire gall was again 
washed in sterile distilled water. The crown gall was then cut 
into wedge-shaped fragments, the greatest measurement of 
which was about 1 mm. to 3 mm. These were placed in a ster¬ 
ile Petri dish and were then introduced into the tissue of the 
healthy plants. A small wedge-shaped incision was made in the 
host plant and the inoculum was introduced so that the outer 
surface lay inside of the surface of the host. An inoculum 
larger than the size of the incision was selected so that gentle 
pressure was required to make the host tissue hold the inocu¬ 
lum in place. In a few cases two or three turns of a light¬ 
weight cheese cloth were placed about the host over the region 
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of the Inoculation. In the case of the beet transplants, the root 
was uncovered for a short distance below the crown and the 
inoculum was introduced into the incision made there. There 
appeared to be no marked difference In the result obtained 
whether the upper part of the root was covered again with soil 
or remained exposed. The covered roots were subject more 
often to worm infections. 

Crown gall tissue of the castor bean was transplanted to 
the same plant (autotransplant), to other castor bean plants 
(homeotransplant), and to other plants of different genera such 
as the tomato, geranium, rubber plant, and garden beet (hetero¬ 
transplant). Crown galls of the tomato were studied in the 
same way. The crown gall of the yellow tankard mangel was 
transplanted to the red colossal mangel and the common gar¬ 
den beet. The crown gall of the latter was transferred to the 
roots of the first. Crown gall tissue of the beet induced by B. 
tumefaciens inoculations was also tested on the castor bean, to¬ 
bacco, and tomato plants. 

Control studies were made on the same plants that re¬ 
ceived crown gall inocula. The control tissue used consisted 
of small fragments of young petioles or growing points free 
from crown gall tissue or B. tumefaciens. All the plants were 
carefully labeled at the region where the inoculation of the tissue 
was made. Crown galls produced by crown gall transplants 
were used again for inoculating purposes in a manner similar 
to that described above. 

Microscopical examinations of the hosts with their trans¬ 
plants were made. Cultural studies were made of the organ¬ 
isms isolated from the crown galls used as transplants and from 
those derived from the transplants. 

BEET CROWN GALL 

Transplantable animal tumors once established may be propa¬ 
gated from animal to animal with considerable ease for many 
generations. In this case it is generally accepted that the trans¬ 
planted tissue is alone responsible for the new growth. A frame¬ 
work of connective tissue and a blood supply Is developed by 
the host for the new growth. The results given In this re¬ 
port are derived from a study of the effects of crown gall in- 
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ocula on the host after auto-, homeo-, and heterotransplants 
were made in order to determine the analogy of this plant dis¬ 
ease to cancer in animals and man. 

The chief subjects of this study were the castor bean, the 
common garden beet, the yellow tankard mangel, and the to¬ 
mato. The tobacco, geranium, the rubber plant, and the rose 
plant were used as hosts. Artificial crown galls were produced 
by inoculating growing parts of these plants with a culture of 
B. tumefaciens. 

It may be of interest to note that the color of the pigment 
in the crown gall of the garden beet resulting from the bac¬ 
terial inoculation is a deep maroon color at the margin while 
the inner portions contain a yellowish-red pigment (fig. 18). 
The crown gall of the red colossal mangel (fig. 17) lacks pig¬ 
ment in the interior, while the surface is reddish in color, re¬ 
sembling that of a small spring radish. The crown gall on the 
yellow mangel presents similar variations in color. The yellow 
pigment is distributed over the surface of the gall and is iden¬ 
tical in shade with the color of the normal roots. The interior 
of the gall is streaked with a faint yellow pigment or may be 
entirely lacking in pigment. It must be borne in mind that 
there is no sharp demarkation between the pigmented and non- 
pigmented areas. There is a tendency of one colored zone to 
blend with the other. Recognition of these color differences 
aids one in tracing the growth of the inoculum. 

As mentioned above, pieces of crown gall tissue on the com¬ 
mon garden beet produced artificially by the inoculation of the 
root with a virulent strain of B. tumefaciens were transplanted 
to eighty young roots of the yellow mangel. The greater num¬ 
ber of these inocula failed to grow or take hold of the host or 
produce any overgrowth. These roots (48 in number) after three 
months showed normal scar tissue without evidence of crown 
gall formation. 

In thirteen cases crown galls of the host appeared thirty 
days after the transplant was made. These were typical crown 
galls of the yellow mangel with a dense yellow pigment on the 
surface and pale yellow or non-pigmented tissue in the interior. 
In these cases the red colored inoculum from the garden beet 
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crown gall 'had disappeared or could be seen as a small shriveled 
and blackened body lying in the scar of the root. 

In three cases undeniable growth of the transplanted gam 
den beet crown gall occurred. The inoculum had become at- 
tached to the host tissue and developed into a gall of appre¬ 
ciable size as shown in figure 19. This photograph represents 
the root of a young yellow mangel upon which a typical gar¬ 
den beet crown gall has formed, cut longitudinally through the 
gall and the root. Here, however, one finds evidence supported 
by observations given below on a large number of heterotrans¬ 
plants that the host tissue is also involved in the formation of 
the growth of this tumor. Freehand sections of these roots en¬ 
abled me to trace the growth of the host and the inoculum. 
The photograph shows clearly that the crown gall arises from 
the lower surface of the incision made in the host. The upper 
surface of the incision now appears as a dark narrow compressed 
band of tissue which shows no evidence of growth. The lower 
surface of the cut in the host has proliferated and formed part 
of the crown gall. Bands of faintly yellow colored tissue may 
be traced from the surface of the host into the grown inocu¬ 
lum. A microscopic examination of the tissues at above and 
below the region where the transplanted crown gall and host 
meet, as shown in figure 20, leaves no doubt as to the stimula¬ 
tion of the host to crown gall formation. The yellow pig¬ 
mented tissue found "in the crown gall of the garden beet is 
not to be confused with the color of the yellow mangel crown 
gall. While I made no analysis of these two pigments, the color 
differences are so striking that the one cannot be confused with 
the other. The major part of the crown gall in this case is shown in 
the photograph (fig. 19) as a deep red globular mass of tissue, 
while fainter red and yellow portions may be seen at the region 
of union of the host and transplant as indicated by the arrow. 
The shade of the yellow pigmented areas is typical of the color of 
the crown gall on the yellow mangel produced by an inoculation 
with B. tumefaciens. The passage of yellow pigment from the 
host into the crown gall inoculum is questionable. Hoffmann 
(1927) in studying reciprocal grafts of pigmented and non-pig- 
mented bean plants finds no evidence for the movement of pig¬ 
ment from host to graft or the reciprocal. 
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Sixty roots of the garden beet and the colossal red mangel 
were inoculated with pieces of crown gall produced by the inocu¬ 
lation of B . tumefaciens . One root was observed in which-the 
inoculum succeeded in establishing itself. The yellow colored 
gall was easily recognized. Sections of this gall showed clearly 
the presence of red tissue of host as evidence of its prolifera¬ 
tion. Necrosis followed rapidly the removal of this plant from 
the soil so that photographic reproductions were made impos¬ 
sible. In eight cases in this series typical reel crown galls de¬ 
veloped after inoculating the garden beet and red mangel with 
crown gall tissue of the yellow tankard. The inocula in most 
of these roots were still to be identified although they had de¬ 
generated into very small particles of matter held firmly by the 
partly enveloping scar tissue. The remaining roots in this ex¬ 
periment showed only scars of varying size without any evi¬ 
dence of proliferation equal to crown gall formation. 

While the number of cases cited here of successful trans¬ 
plants of inocula are few, the evidence is quite clear that crown 
galls may be produced on healthy plants by introducing pieces 
of crown gall tissue irrespective of the success of the trans¬ 
plant in establishing itself. When the transplanted crown gall 
tissue succeeds in establishing itself on the host, the transplant 
as well as the host takes part in the formation of the new crown 
gall. It appears that the crown gall transplant behaves like an 
ordinary graft for a limited time, yet, due to its inherent patho¬ 
genic properties, it is capable of further growth and also of 
stimulating the host to proliferation. Control studies made with 
sterile tissue gave scars only. The newly formed tissue of the 
host in successful crown gall transplants is not analogous to the- 
stroma of the animal tumors (Levine, 1925). The fibrovascu- 
lar elements found in crown gall tissue arise from the develop¬ 
ment, differentiation and aging of crown gall cells. 

Heterotransplants were made in which the crown gall of the 
beet was inoculated into young nodes and petioles of castor bean 
plants. These inoculations were carefully made so as to avoid 
undue injury in order to secure the best advantages to the im¬ 
planted tissue. The inocula were carefully watched from day 
to day. Light bandages were applied in a number of cases to 
prevent drying out of the inocula. In twenty cases studied it 
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was observed that the inocula grew smaller and finally dried 
up in spite of the protection of the cloth. However three 
plants in this series of experiments produced crown galls of the 
globular type at the bases of the scars formed. Figure 5 is a 
photograph of a Ricinus stem inoculated with a piece of gar¬ 
den beet crown gall. The crown gall in this picture represents 
the overgrowth of the host entirely, since the beet inoculum has 
long disappeared. Figure 6 represents a longitudinal section of 
the same stem. The area below the gall, indicated by the ar¬ 
row, shows the region occupied by the transplant in which con¬ 
siderable necrosis of the tissue is to be seen. 

Thirty tobacco plants (N. affinis) which failed to respond 
to inoculations with B. tiimcfaciens yielded one small question¬ 
able crown gall. The dead inocula were found in the scars of 
the host. 

CASTOR BEAN CROWN GALL 

Crown galls on the castor bean (Ricinus communis) produced 
by a culture of B. tiimcfaciens were used as transplant ma¬ 
terial. Sixty-two homeotransplants were made which yielded 
forty-four crown galls on as many plants. In no case was there 
any evidence of the proliferation of the inoculum. The trans¬ 
planted inocula were so inserted into the tissue of the host that 
they were exposed to view, yet they were not unduly exposed 
to the direct light and heat of the sun. The inocula were ob¬ 
served to dry up in all cases in this series. A large scar was 
formed, due to the subsequent growth and elongation of the 
tissue inoculated. This was followed by the development of 
one or more crown galls (fig. x) in each scar twenty to thirty 
days later. Twenty-five control inoculations made on petioles 
and stems of the same plant with healthy bits of tissue produced 
only callus tissue without crown gall formation (fig. 2), 

A small number of autotransplants of crown gall tissue was 
made on the castor bean. In each case a crown gall was formed 
on the host without the growth of the inoculum. Second and 
third generation homeotransplants were made from crown galls 
produced by inoculating crown gall tissue. Figures 3 and 4 
represent the growths obtained in these experiments. The num¬ 
ber of tests made indicates clearly that crown gall tissue forma¬ 
tion may be induced in this manner. The galls formed, how- 
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ever, are due entirely to the proliferation of the host rather 
than the inoculum. The percentage of galls formed from sec¬ 
ond and third generation crown galls is small. This may be ac¬ 
counted for by the lateness of the season, when the growth of 
the plant usually becomes retarded. This is consistent with the 
reports that crown gall formation depends in a large measure 
upon the capacity for growth of the inoculated tissue. Nine 
homeotransplant crown galls were produced from inocula of 
first generation crown galls in twenty-one inoculations, while 
only two crown galls were produced when the latter galls were 
used as inoculating material. Autotransplants of second gen¬ 
eration crown galls produced six galls in as many inoculations 
and plants. . ; ; : Vi ; y, ; . , 

Ricinus crown galls produced by Bi tuincfacicm were fur¬ 
ther studied by transplanting pieces of this tissue to thiry-four 
young shoots of thextatopeot ^Sin^MioT^bacum. Crown galls 
were produced . on five plants. One of these crown galls pro¬ 
duced typical tohaocQ, ir iea ! Yes. ,^lrere. was no evidence ,of the 
growth of : the inocula. ; 

J,, V7 , v , , ? j TOMATO CROWu,,GALL . 

The,-behavior ofr: tornato cro.wn -gall Transplants was also 
studied.,in a- similar manner. Crown galls on the tomato plant 
produced hjy B. tumefaciens^ ofi different cultural ages were used. 
Iu one pass i: j^§yenrhon^gtra$^ hrThe other 

case tvv^nty-ipne/ homeotratiSfpJantS; wW£reTmade.L In all cases 
crown galls-were observed .on the hosts;in thirty days, “Figure 
?■> represent^;,the stem of a,. pot-?grown tomato ; plant inoculated 
; ar§ma||. y pi€Cf :; : of .e^pwul -gallrtissue produced by 

inoculation witho4iIpnglftidinal^s^ctioii'through 
thi$ ; st^m seemsbear ,-fevidende;-lor the bruited growth of the 
inoculum. The margins coin the stem of the host where the in- 

mm tori’^r:findic^t(down 

gall formation. In figure a ^mare[vigiOfofe 
mato stem as shown That had' been inoculated with tomato crown 
gall tissue, The inoculum was introduced into a- perforation made 
in the stem. Two masses roln qrown gall tissue appear on both 
sides of The stem. Figure ,9 j represents'' a- similarly treated to¬ 
mato stem. Here The be seen held* between the 

two masses, oL crown gall tissue*; but!jis tnot-, a ‘part of The new 




1929]; 


LEVINE: 'CROWN. GALL TRANSPLANTS 


309 


crown ; gall 7, A longitudinal view ■ of a' similarly ■ inoeulated -stem 
shown in figures 8 and 9 i : s represented in figure 10. The necro¬ 
tized-dnp<^him, : may ■. be .-.'seen- in the pith 111 the lower section, of 

In these experiments a number of the transplants 'appear' to 
lie completely ;surrounded:' by .the';crown -gall tissue formed by 
the .host- so ■ that I found ; it, difficult to, .determine whether . or not 
the inoculum succeeded in establishing itself in the host. In 
the majority of cases a series of longitudinal sections through 
such stems showed the inoculum as a completely necrotized tis¬ 
sue in the center of the host-formed gall. In several cases, 
Slight growth of the inoculum occurred. Microscopic examina¬ 
tion; pf these; galls showed, however, that the major portion of 
the; crown gall was due to the overgrowth of the. host. 

Heterotransplants were made in which crown gall tissue of 
the tomato was introduced into growing portions of twenty-one 
tobacco plants (N. Tab a cum). While a large number of these 
inoculated plants failed-to -show any : reaction other than a : cal¬ 
lus, seven plants produced well developed crown gali$, three of 
which differentiated and formed -typical leafy shoots-of the to¬ 
bacco. Figure 13a is a photograph of a tobacco stem with an 
inoculum of the tomato still visible. The wound has healed and 
the inoculum is dead. No crown gaUTs: expected. In figure 13b 
two small crown galls are seen. These have been produced by a 
similar inoculum from die same tomato crown gall. The inocu¬ 
lum was introduced. into the tobacco stem -forty'days earlier. In 
figures]: I'# rand i&l well ■ developed leafy: crown • galls: may be .seen. 

inodhlatioii .with-fianr .inoculum 1 .from a 1 : tOr 
■nfatdocroiwn^gallrr In : figure 116 ’a/portion of the stem Was res 
nfdved,. to‘"show fine crown gall and ■ its-, leaves- more 1 clearly; Figures 
:X5« rand igh show: entire and longitudinal section - views of' a 
■tcfbacco stem.: similarly Treated:as Wbavecq The host- Tissue alone 
takes part in the formation of the crown gall. The ihocultim is 
imbedded in the pith*of the stem and: is- apparently dead. 

*nxSimil&rtmade With-.:The/crown gall 
of-the geranium and-the" tomato plant as the host. Figures 11 
represent itwor views tomato 1 plant ■ .Inoculated;',with 

crowh galliTissue-,’ off,rthehgerariium. Here - TH6; itnis-,;seen That 
while-»*• thehost filorms". TfaWerdwmrgallc the.* inoculum dtes l . and 



310 


BULLETIN OF THE TORREY CLUB 


[VOL. 56 


plays no further part in the development of the crown gall The 
arrow in figure n indicates the position of the dead inoculum. 
The crown gall appears below it in the form of a small globular 
mass of tissue which on microscopic examination shows small 
parenchymatous cells. 

Homeotransplants of geranium give similar results to those al¬ 
ready described for the beet, Ricinus, and tomato. Plants such as 
the dahlia and potato, which failed to produce crown galls on inoc¬ 
ulation with B. tumefaciens, failed to respond to inoculations with 
crown tissues of the geranium or tomato. A large number of 
inoculations were made. 

In the above listed experiments, similar portions of the gall 
used for inoculation purposes were plated and in all cases B . 
tumefaciens was recovered, as determined by inoculations into 
healthy plants. 

SUMMARY AND CONCLUSIONS 

1. Auto-, homeo-, and heterotransplants of crown gall tis¬ 
sue are capable of exciting crown gall formation in the host when 
the host is capable of responding to inoculations of B. tume¬ 
faciens. 

2. Crown gall tissue of the common garden beet may be 
grafted on the yellow mangel. 

3. The graft or inoculum successful in establishing itself on 
the host is capable of further limited growth, but then it also 
stimulates the host to crown gall formation. 

4. Crown gall transplants differ from the transplants of 
animal tumors in that the crown gall transplant does not form 
the sole substance of the new overgrowth. The stroma of the 
animal tumor has no analogy in the crown gall tissue. The 
fibrovascular elements found in the crown gall result from the 
differentiation of the parenchymatous tissue that makes up the 
crown gall. 

5. Crown gall of the host after the introduction of an inocu¬ 
lum of crown gall tissue is not due to the growth of the inocu¬ 
lum, but results from the changes which succeed the introduction 
of B. tumefaciens with the inoculum. Plated cultures of parts 
of the crown gall tissue from which inocula were taken always 
yielded in my experiments an abundance of B. tumefaciens as 
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determined by culture studies, stained smears, and subsequent 
inoculations. 

Laboratory Division, Montefiore Hospital 
New York City 
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Description o£ plates 12 , 13 
Plate 12 

Fig. I. Ricimts petiole inoculation with a single inoculum of crown gall 
tissue from the petiole of another Ricimts plant. 

Fig. 2 . Control inoculation made with an inoculum of normal tissue. 

Figs. 3, 4. Ricinus petiole with crown gall of the second and third 
generations induced by crown gall inocula from the Ricimts. 

Fig. 5. Crown gall on the Ricinus stem produced by inoculating a 
small piece of crown gall from sugar beet. 

Fig. 6. A longitudinal section of the same stem. The necrotic area 
below the gall, indicated by the arrow, show's the region of the trans¬ 
plant. 

Fig. 7. Tomato stem (grown in pot) inoculated with portion of crown 
gall developed on the same plant. 

Fig. 8. Tomato stem (grown in field) inoculated with portion of 
crown gall from another tomato plant. Crown galls appear on both sides 
of the stem. 

Fig. 9. A similar experiment in -which the inoculum is still visible as 
a necrotized body between the two globular masses of crown gall tis¬ 
sue. 

Fig. 10. A longitudinal section of a tomato stem showing necrotized 
pith, of the host with small overgrowth arising from the cortex and epi¬ 
dermis. . 

Figs. 11, ip. Two views of a tomato stem (grown in pot) inoculated 
.with crown gall of the geranium showing crown gall formation of the 
host' 

Fig. 13 a. Tobacco stem with tomato crown gall inoculum. 13 b. 
Tcibucm 1;plane:showing formation of small crown galls after inoculation 
with tomato crown gall, 

L Fig. 14.. 'Tobacco stem showing the development of a leafy crown gall 
after inoculation with tomato crown gall. 
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Plate 13 

Fig. 15 a. Longitudinal section of tobacco plant inoculated with tomato 
crown gall, showing considerable callus tissue and a small crown gall. 15 b . 
A longitudinal section of a tobacco stem similarly treated showing the de¬ 
velopment of embryonic tobacco leaves arising from a small globular crown 
gall. 

Fig. 16. A section of tobacco stem similar to one shown in figure 14. 
The stem was cut so as to expose the globular crown gall from which a 
leafy shoot has arisen. The stem was inoculated with a piece of tomato 
crown gall tissue. The removed portion of the stem is shown to the right 
in the figure. 

Figs. 17,. 18. Colossal long red mangel and a garden beet respectively, 
with crown gall, resulting from an inoculation with a virulent strain of 
B , tumefaciens. Both figures indicate the absence of pigment in the cen¬ 
ter of the crown galls, or show only a small diffused quantity of pigment 
as compared with the surface of the gall and normal root. 

Fig. 19. Yellow tankard mangel, showing growth of a transplanted 
garden beet crown gall tissue. The arrow indicates the presence of yel¬ 
low pigmented tissue of the yellow mangel. 

Fig. 20. Microscopical section of the root of the yellow mangel in 
the region of the union of the host and crown gall tissue of the garden 
beet, showing an excessive proliferation of the host and the transplant 
(photograph made with the aid of obj. 32mm., oc. K 20, bellows 55 cm., 
filter K 2, WAV. panchromatic plate). 
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Notes on Arundinaria 


Clair A, Brown 

The manuals on the flora of the eastern and southern United 
States include two species of ‘cane* or native bamboo, namely, 
Arundinaria macrosperma Michx. and Arundinaria tecta (Walt) 
MuhL, both of which are supposed to flower at irregular inter¬ 
vals. 

Characteristics usually used for separating these two species 
are as follows: A. tecta has canes less than ten feet tall with 
flowers developing in terminal panicles on radical shoots, while 
A. macrosperma has canes more than ten feet tall, with flowers 
developing in lateral panicles on the old canes. 

From time to time questions have been raised in regard to 
the identity of these species. In their discussion of them, Scrib¬ 
ner and Merrill 1 state that: 

A. tecta has been treated by some authors as a variety of A. gigantea 
(A. macrosperma ). Although possibly not specifically distinct, the two are 
found growing together under like conditions, and under these circum¬ 
stances the one is readily distinguished from the other. Rarely found in 
bloom. 

Recently, Harper 2 has made the following statement: 

This genus (Arundinaria) is not fully understood, partly on account 
of the scarcity of flowers and seed, and the number of species in North 
America may be anywhere from one to three or four. In Alabama thefe 
• seems to be two possibly three.- 

He gave a description of these forms including three illustra¬ 
tions. 

In regard to the irregular flowering of one of the species of 
Arundinaria Cocks 3 wrote as follows: 

In view of the fact that it is so often stated that this plant [A. tecta] 
blooms only at intervals of several or many years, it is worth noticing that 
certain clumps have been observed by the writer near Abita Springs; 
which have bloomed every year in the latter part of May, since 1899. 

1 Scribner and Merrill. Grasses of Tennessee p. 128. 1894. 

2 Harper, R. M., Monograph of the economic botany of Alabama p. 

72-77. 1928. 

8 Cocks, R. S. Annotated catalogue of grasses growing without cul¬ 
tivation in Louisiana. Gulf Biologic Station Bull. 10: 40. 1908. 
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On account of the difficultjrof determining with any degree of 
satisfaction specimens of Arundinaria collected in South Louisi¬ 
ana, a study has been made of the genus. Spikelets of Arun¬ 
dinaria were, first collected:by the writer in. March, 1927, in arcane- 
brake near Baton Rouge, Louisiana ( w. pcVp).These: were from 
the lower nodes of: old canes that: -had. been cut off ‘.one; orxtwo 
joints above ..the .ground.:: ■ 'Uoo.; mo rX,ho ice XoL 
In November, 1927, a considerable portion of the canebrake 
in which the above. speeimensawete ••collected;was: cleared* Dur¬ 
ing the last of March, and April, 1928, flowers were again found 
on the lower nodes of the cane stubble. For the purpose of com¬ 
parison a specimen of A. macrasperma was then obtained from 
Professor A. S. Hitchcock. In the letterraccompanying tlie speci¬ 
men, Professor Hitchcock wrote.r. T have , not been rable : to sep¬ 
arate -A, macrospemia mid A. tefta;i n an entirely satisfactory man¬ 
ner.I am sending you a specimen;I take to be A. macro- 

sperniaJ , When the specimen w#s, examined,.it appeared to be 
identical;:with the Louisiana, specimens r yyhieh/had been recently 
collected and which had been Called Ai teMm ? " r ■: x Av - i c . • 

: About the first Of May there:hppeafed in the 1 sarne field' h large 
number of somewhat shrubby radical shoots which bore terminal 
panicles, and'according to’the manual s: should: be 'iM-iteci&i- Ail ex¬ 
amination was then nia 4 : e, of;,the cauebrab^ .pear Batpn Rouge, 
Louisiana,, and in, several places:lowering specimens typical of 
macrosperMa were found. As it appeared -that flowers of the two 
species had been collected, material of -•ieal-fcl'iGrass 
Herbarium in ^Wshingtom, Tfte,,radical shoot,, ioxin (np t . $112) 
was identified as A. tecta * and the form with flowers on the .old 

canes,, (no., .2^25)as A., macrasperma.:,, ir • v , . v , f ,.r 

In one of the places wliepe the cane was, found, in bloom:a 
drainage ditch had been dug in the early part of January, 1928. 
Ill this place, flowers were found both on radical shoots and on 
the old canes. On digging.up some,of the plants, it was found 
that some radical shoots with flowers .-('A*-tec from the 

same rootstock as did stalks with lateral spikelets (A. macro- 

, v X: WC O? :: X ' . ■. *' ’:,f \l ' Wo-'' A 

sperma) ... •. . : ■. 

a, .. oxf xoo ‘jfj/t CqjorooxioM JA .A olf:- : * ■ 

feu ,Y;-W 

, 4 Identical. .with , figure -T, in The r ; Geu e ta, of r Grasses ,pf ,the.. P n ited 
States, bjuA* S*,...Hitelihocko rv.>.p.«^■ •WvUoifi .■ fi-rf •■;??}s p*.w 1 ! 
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With the idea that flowers of Arundinaria could be produced 
by cutting off the old canes at certain seasons, or by reducing the 
water supply as was done by the drainage clitch, several canes were 
cut in November, 1928, in . the place where A, macros'perma . (no. 
2125) was collected. . In the spring of 1929, the place was visited 
again and it was found that the canes which had been cut off from 
one to three joints above the ground had flowered from the lower 
nodes. ■ - = ■■ ' ... v.-v ' ' 

A careful examination of several other canebrakes in flower 
during the spring of 1929 has resulted in finding flowering radi¬ 
cal shoots attached to the same rootstock as the old flowering canes. 
One collection (no. 2435) was made near Erwinvilie, Louisiana, 
on the edge of a thicket which had not been cut or drained for 
several years. This suggested that both forms of Arundinaria 
may occur on the same rootstock naturally and that cutting or 
some other stimulation may not be necessary. 

Another point mentioned in the literature is that the old canes 
of A . macrosperma die after they fruit.- This differs from the 
recent observations. Canes that were known to flower in 1928 
were cut in the fall and next to them were left some that were not 
cut. Both remained alive, and in April, 1929 the stubble of the 
cut canes flowered from the lower nodes, as has been stated. 

One might inquire as to the reason for the difference in size 
between the small woody canes the size of a lead pencil and only 
a few feet tall and the large woody canes one to one and a half 
inches in diameter and up to thirty feet tall. It has been noticed 
that there are many patches of this small type. The -only ex¬ 
planation that can be offered is that there must be some difference 
in soil or moisture conditions which hinders the growth of these 
plants. 

Since it seems certain that the different forms of Arundinaria 
which in the past have been considered two distinct species are 
in reality but one, it becomes necessary to decide which name is 
valid. Professor A. S. Hitchcock -has kindly written the following 
opinion concerning the valid name: Tn 1788 Walter published 
two species of Arundo, the first Arundo gigantea, the second 
Arundo tecta. Arundo tecta was transferred to Arundinaria by 
Muhlenberg in 1817. Arundinaria gigantea was described by 
Chapman in i860, but there is no evidence that this was based upon 
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Arundo gigantea of Walter. Under the rules of nomenclature It 
would be necessary to consider this as an independent description, 
consequently Anmdo gig ant ea Walter cannot be transferred to 
Arundinaria because of the presence of Arundinaria gigantea 
Chapin. Although the names are the same and the species prob¬ 
ably identical they must be looked upon as independent names. 
Consequently Arundinaria gigantea cannot be taken up. The valid 
name for the large cane then becomes Arundinaria macrosperma 
Miclix., 1803. Since Arundo tecta is the older name, dating from 
1788, it would seem necessary to take up this if the two forms 
are considered as one species/ 

It would seem then, that the name Arundinaria tecta (Walt.) 
Muhl. should be used for the common southern cane or bamboo., 
and that the description should be changed so as to include the 
characters which have been previously used for both A. tecta and 
A. macrosperma. 

The writer wishes to acknowledge hi-s indebtedness to Professor 
A. S. Hitchcock for his identifications and opinion on the valid 
name; and to Dr. C. W. Edgerton for his helpful criticisms. 

Department of Botany 

Louisiana State University 
Baton Rouge, Louisiana 



Development of the pollen grain and the embyro sac of 
Agropyron repens 

May Mowery 
(with plates 14, 15) 

Agropyron re pens L., known under several different popu¬ 
lar names, but commonly as quack grass, is a close relative of 
wheat. Its history as an Old World pest as far back as there 
is definite record, its characteristics and habits, methods of. con¬ 
trol, etc. have been treated by Kephart (1923), who regards it 
as the most notorious of all weeds, with the possible exception 
of the Canada thistle. 

Material for this morphological study was collected and fixed 
during the summers of 1925 and 1926. Two methods of dis¬ 
section were used: first, removing the lemma, and fixing the 
palea, with the enclosed flower, second, removing both lemma and 
palea and fixing only the essential organs. The first method 
proved most satisfactory, especially for younger stages. For fixa¬ 
tion, Flemming’s weaker solution and Allen’s modification of 
Bonin's both gave good results. The material was imbedded 
in paraffin, cut at eight to twelve microns, and stained in iron 
baematoxylin. . 

MICROSPOROGENESIS 

The microsporangium is derived from the outer layer of the 
periblem, as is usual in angiosperms. There are three stamens 
in each floret. The development of the anther is typical, and like 
that of the wheat as described by Percival (1921) in The Wheat 
Plant The anthers develop in spring, growing rapidly just be¬ 
fore anthesis, as becomes evident from the stages found in a 
young spike in June: longitudinal sections of a spikelet similar 
to that outlined in Percival’s figure 92 (page 115) then show 
three florets in which sporogenous tissue has differentiated, and 
two primordial flowers: the fifth floret does not develop. In the 
climate of southern Minnesota anthesis occurs from the middle 
to the last of June. At first a homogenous mass of meristematic 
cells covered by an epidermis becomes four-lobed at an early 
stage. The sporogenous tissue developing from the outer layer 
of the periblem appears at the time the lobes become evident. 
The divisions previous to the formation of the spore-mother-cell 
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occur rapidly. The radially elongated cells divide equally and 
almost simultaneously, by periclinal walls, forming a primary 
parietal layer which forms the wall of the anther, and a primary 
sporogen-ous layer. The primary parietal layer divides to form the 
endothecium, a middle layer, and the tapetum. The formation of 
the tapetum, coincident with the spore-mother-cell stage, reaches 
its maximum at the tetrad stage of the spore-mother-cell, at which 
time it is a prominent layer of two-nucleate cells. After the sporo- 
genous tissue has divided to form the spore-mother-cells, they 
grow larger and round up somewhat. Then follows the hetero¬ 
typic division. 

The nuclei of both the vegetative cells and the cells of the 
sporogenous tissue are characterized in Agropyron repens by sev¬ 
eral distinct nucleoli. The nucleus of the microspore-mother-cell 
shows a network upon which are distributed chromatin granules, 
and one distinct globular nucleolus. The chromatin granules take 
a definite stain. The cytoplasm of the spore-mother-cells does 
not appear to be as dense as that of the tapetal cells, which are 
easily distinguishable by their heavier stain. It appears to be a 
fine network with small granules, which does not take the stain 
readily. In figure i, the nuclear net is quite pronounced, its strands 
having become noticeably thick. Figure 2 represents a stage of 
synizesis in which the nucleolus, although centrally located, is dis¬ 
cernible. In figure 3 the granules are distinctly massed and appear 
to be made of larger lumps, with a large nucleolus lying just out¬ 
side the mass, which shows clearly the forming spireme. In figure 
4 there is evidence of a longitudinal split in the thickened spireme, 
as well as indications of breaking up into chromosomes. As the 
thread breaks up into rod-like chromosomes the nuclear membrane 
disappears, but the nucleolus still persists. The spindle appears as a 
number of fibers which attach themselves to the chromosomes and 
converge at the poles. Figure 5 shows late anaphase, the rod-like 
chromosomes being very prominent as they approach the poles. 

During the heterotypic division, usually only one stage is rep¬ 
resented in an anther at any one time. In the homotypic division, 
this is not the case; for two or three stages of mitosis are rep¬ 
resented in one longtiudinal section. The chromosomes at the 
time of anaphase (figs. 7, 8) appear as slender bodies often 
somewhat U-shaped, two of them remaining away from the gen- 
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eral mass. The count made from this stage, using Belling’s method, 
was twenty-one. The formation of the cell walls is successive 
(figs. 6-9). The four granddaughter nuclei (fig. 9) are alike in 
size, amount of chromatin, and in having several nucleoli. These 
grow to twice their first diameter (fig. 10) but in other respects 
appear much the same. The cytoplasm in these cells as well as in 
the tetrads has a distinctly radial tendency. 

After the two divisions the young microspores become invested 
by a wall Independent of the wall of the mother cell. This soon 
becomes differentiated into two layers, the intine of cellulose and 
the outer cutinized exine. 

The first new feature in the development of the microgameto- 
phyte is the appearance of the germinal aperture, a thin spot in 
the exine, which can be discerned before the nucleus enlarges 
prior to division. This single aperture is characteristic of pollen 
of Gramineae (figured by Percival, 1921, for Triticum ). When 
the nucleus divides, it forms the tube nucleus which is character¬ 
ized by a single nucleolus, and the generative nucleus, which di¬ 
vides immediately to form the sperm nuclei, which at first appear 
small (fig. 11), but inclosing large nucleoli. The wall now be¬ 
comes thicker and somewhat sculptured, and the sperm nuclei 
lengthen out. Figure 12 shows the appearance of the male game- 
tophyte at the time the pollen is shed. 

MEGASPOROGENESIS 

The megasporangium originates as does the microsporangium 
on the outermost layer of the periblem. At first the epidermis of 
the member upon which the ovule is to appear is even. Cell divi¬ 
sion in the epidermis at first radial but in different directions in 
the hypodermal layer causes a slight protuberance. This becomes 
more and more evident and constitutes the nucellus of the form¬ 
ing ovule (fig. 13). Soon one of the hypodermal cells becomes 
slightly enlarged and takes a deeper stain, indicating its sporo- 
genous nature (fig. 14). This cell enlarges so that by the time 
it begins to divide it is about four times the size it was when it 
first began to differentiate from the other cells. About this time 
a slight protuberance at the base of the nucellus indicates the first 
integument. The beginning of the second integument shows soon 
after the appearance of the first. 
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It is generally stated that ovules of Gramineae have no funi¬ 
culus, but it would be impossible to draw an exact line between 
its presence and absence. The writer found very slight indica¬ 
tion of a funiculus in Agropyron re pens, merely a few slightly 
elongated cells at the broad region of attachment. This placen¬ 
tal region appears to be not quite so broad here as in the case of 
wheat and some other grasses. The ovule attains a form which 
.might be described as half-anatrppous (fig. 20), except that the 
raphe characteristically present in such a type appears to be un¬ 
developed here. 1 

The archesporium, which first became evident by its larger size 
and deeper stain, is in this case a single cell. There is no record 
of an archesporium of more than one cell among monocotyledons, 
with one or two exceptions reported by Coulter and Chamberlain 
( l 9°3). Agropyron repens is typical in this respect. The de¬ 
velopment of the archesporium differs from that of the microspor¬ 
angium in that there is no parietal tissue developed, nor does the 
primary sporogenous cell divide to form a number of sporogenous 
cells, so that the archesporial cell is the spore-mother-cell. In 
Agropyron repens this archesporial cell increases in size so that 
it becomes very prominent (fig. 15). This divides twice by peri- 
clinal walls, forming a row of four megaspores (fig. 16). The 
first division is the reduction division. Three of the megaspores 
nearest the micropyle degenerate and the one farthest away en¬ 
larges to become the embryo sac (fig. 17). One slide showed the 
megaspore nearest the micropyle in telophase, while the other 
three showed indications of mitosis. There was not enough evi¬ 
dence to show whether this was merely an abnormal cell or not. 
The nucleus in the embryo sac divides three times in rapid suc¬ 
cession, forming an eight-nucleate sac (figs. 18, 19, 20). 

^he ovule in Avena, Triticum, and Zea is characterized by True 
(1893) as campylotropous, and similarly that of Poa is designated simply as 
campylotropous by Miss Andersen (1927) ; while Hackel (in Engler and 
Prantl) and Rendle (in his Classification of Flowering Plants) describe 
the ovule for grasses in general as slightly campylotropous. On the other 
hand, Percival calls the ovule of Triticum anatropous, and VanTieghem 
also speaks of it as anatropous or half-anatropous for the family. The 
published illustrations are somewhat at variance with either of these 
types, and indicate that the grass ovule is of a rather anomalous char¬ 
acter, which should not be forced into any of the conventional categories. 
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When eight nuclei have been formed, one from each end moves 
toward the center of the sac and walls are laid down around the 
nuclei remaining at each end. The two polar nuclei do not fuse 
before fertilization, but they remain close together and approach 
the egg cell at that time. The three antipodal cells divide to form 
antipodal tissue, ranging from ten to sixteen cells (fig. 21). These 
cells are large, with distinct cell walls surrounding a darkly stained 
mass of cytoplasm. The nuclei take a lighter stain and contain 
from one to three distinct nucleoli. This is in line with the three 
strongly developed antipodal cells reported by Miss Andersen 
(1927) in Poa pratensis and Poa compressa, and the report of 
Weatherwax (1926) of antipodal tissue in maize, and of Can¬ 
non (1900) in Avena. The embryo sac at this time has enlarged, 
but the nucellus still remains and a definite nutritive jacket of 
deeply staining cells surrounds the embryo sac, which is egg- 
shaped with the micropylar end smaller. The larger end is filled 
with antipodal tissue. The question of fertilization is one of the 
problems which should be investigated at a later date, together 
with the fate of the antipodal tissue. 

The fruit of Agropyron is a typical caryopsis, or one-celled dry 
indehiscent fruit with a thin membranous pericarp adhering close¬ 
ly to the seed, so that fruit and seed are incorporated in one body 
forming a single grain (True, 1893). A few experiments were 
tried to determine how soon after maturity seeds would germin¬ 
ate. Tests were made in September, as soon as the spikes were 
collected, in October, and in November, with no results. In Jan¬ 
uary, 1927, however, fruits collected in the summers of 1925 and 
1926 were found to germinate. These fruits were dissected from 
the spikes and put in a moist dark place, where an even tempera¬ 
ture was maintained. Of thirty-three fruits from a spike of twenty- 
two spikelets collected in 1926 all but one germinated. Of seven-' 
teen fruits from a spike of eighteen spikelets collected in 1925 all 
but three germinated. In the spikelets dissected usually only one 
or two mature fruits were found, rarely three or none. In the 
the spikes dissected there were fruits differing from the typical 
light brown ones in being more slender, with greater variation 
as to length, and in being black. Fourteen of the black fruits 
ranged in length from 1.3 mm. to 5 mm. while sixty-one light 
brown fruits ranged from 2.5 mm. to 4 mm. None of the black 
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fruits germinated, so they may have contained some dominant 
lethal factor or some fungus growth. 

The writer wishes to thank Dr. Harvey E. Stork for his help¬ 
ful suggestions during the progress of this study. 

Carleton College 
North field, Minnesota 
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The origin of symmetry patterns of pollen grains 

R. P. WODEHOUSE 

(WITH PLATE 16 AND FOUR TENT FIGURES) 

Of the many characters of pollen grains which make up 
their remarkably varied forms, some are encountered again 
and again in entirely unrelated groups, and without hint of 
genetic continuity; while others - are strictly phylogenetic, 
occuring only in groups with ancestral affinity. All heavy- 
walled pollen grains have one or more germinal apertures— 
thin spots or holes in the exine through which the pollen 
tube may emerge. The number and arrangement of these is 
found to be the same in many unrelated groups; and, though 
these characters are generally constant throughout any 
group such as a tribe or family, frequently more than one 
number and arrangement of apertures is found within a family— 
or more closely related group—, or even among the different 
individuals of a species. At the same time, however, cer¬ 
tain less conspicuous characters, as the sculpturing, texture 
and various adornments of the exine, are generally restricted 
in their phylogenetic distribution and are always extremely 
constant for any species, and are of great value in determin¬ 
ing phylogenetic relationships (Wodehouse, 1928 ). 

Pollen grains are single cells, and such observations as these 
can best be interpreted in the light of our understanding of 
other plant cells. Any cell possesses two sets of characters. 
For example, if a fragment of wood be examined microscop¬ 
ically, its cells are seen to possess certain characters which 
distinguish them at once from those of all other tissues. On 
the other hand a more minute examination with the. micro¬ 
scope will nearly always reveal one or more characters which 
are phylogenetic, and enable one to tell the family, genus, 
or possibly even the species to which the wood belongs. For 
example the pitting, various perforations, and secondary 
thickenings on the walls of certain wood cells exhibit a wide 
range of variation in size, shape, and arrangement, and possess 
high value for purposes of classification and identification 
of woods (Record, 1919 ). 

[The Bulletin for June (56: 285-338) was issued 2 August 1929. 
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For our first clear understanding and concise statement of 
the origin of such classes of characters we are indebted to 
Harper ( 1918 ), who states that at least two sets of factors 
are involved in determining the form of cells, their internally 
determined or specifically inherited cell form—including their 
capacity to respond to stimuli—, and their contact and other 
relations with their neighbors during growth. This latter in¬ 
volves especially the conflict between the laws of cell bipartition 
with rectangular intersection of the successive planes of division 
on the one hand, and on the other the tendency of single cells 
and groups of cells to assume least surface configurations. 

The problem as to which of the great variety of characters 
found among pollen grains are specifically inherited, and which 
are the result of interrelations with their neighbors can thus 
be quite sharply defined; and since there appear to be no words 
to designate adequately these two classes of cell characters 
I propose to call those which are the result of specifically in¬ 
herited cell form emphytic (eju^uros, innate), and those which 
are due to contact and other relations with their neighbors 
during growth, haptotypic (airreLv, touch, and tvttou >, make an 
impression). Emphytic cell characters are usually strictly 
phylogenetic in distribution and consequently of high diag¬ 
nostic value, while haptotypic cell characters are almost 
fortuitous in their distribution and of much less diagnostic 
value, but are of the greatest histogenetic interest. 

The pollen grains of the great majority of dicotyledons 
are characterized by the possession of three symmetrically 
arranged longitudinal furrows (i.e. they are tricolpate), which 
serve either directly as germ pores, or each encloses a germ 
pore. Though these furrows vary greatly in length, they are 
generally long enough to permit them to serve as expansion 
folds; on the other hand they are occasionally so short that 
it is barely possible to distinguish which is the long axis. 
Nevertheless, whether they belong or short, broad or narrow, 
shallow or deep, they are always equally spaced on the equator 
of the grain, with their long axes crossing it at right angles and 
converging towards the poles. Some idea of the relative fre¬ 
quency of furrows in threes among pollen grains can perhaps 
be gained from the work of Hugo Fischer ( 1890 ). He has de¬ 
scribed the grains of 2214 species taken apparently more or 
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less at random throughout the entire group of flowering 
plants, and of these 1180 are tricolpate. 

Though three is the characteristic number of germinal 
furrows, it is a significant fact that in the pollen of many 
plants are also found a varying number of grains with four, 
six, or two. Most frequently those with aberrant numbers 
of furrows make up only a small proportion of the grains 
and attract attention merely as curiosities; but in some species 
as, for example, the sorrel dock and white ash, almost— 
if not quite—one half of the grains have four germinal furrows. 
In the four species of Dahlia which I have examined, the 
number of furrows is always six, despite the fact that three is 
almost the universal number throughout the Compositae; 
and in one specimen of Stenotus lanuginosus which I have 
examined, approximately one half of the grains have two ger¬ 
minal furrows. 

Why should three be the characteristic number of aper¬ 
tures among dicotyledonous pollen grains; and how do the 
other numbers originate? In the formation of pollen grains 
the pollen mother cell nucleus always goes through two suc¬ 
cessive divisions and nearly always gives rise to four daughter 
cells, producing in due course four mature pollen grains. 
Of course there are well known exceptions: in Car ex , for 
example, three of the nuclei degenerate and the pollen mother 
cell becomes, as it were, transformed directly into the pollen 
grain; occasionally one or more of the daughter nuclei may 
divide once or twice, giving rise to five or more grains; or, 
as in the case of the Acacias, all four of the daughter cells 
divide once or twice more, giving rise to eight or sixteen pollen 
cells. Nevertheless the prevailing number of pollen grains 
produced by a pollen mother cell is four. 

In the dicotyledons these four cells are formed after two 
nuclear divisions which take place in rapid succession, at 
right angles to each other, without the formation of dividing 
cell walls until after the four daughter nuclei have separated 
and reorganized. Regardless of the relative orientation of the 
spindles, the daughter nuclei generally tend to take up positions 
as far from each other as possible within the confines of the pol¬ 
len mother-cell wall, which results in the tetrahedral arrange¬ 
ment. Other arrangements sometimes occur; in fact all pos- 
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sible arrangements of four cells in contact are found, but in the 
vast majority of dicotyledons the arrangement is prevail¬ 
ingly tetrahedral, and it is in this position that the phragmo- 
plasts are formed and the cells rounded off and separated. 

If four spheres are placed together in the tetrahedral 
position it will be seen that each must make contact with 
its three neighbors, giving each sphere three equally spaced 
contact points (text fig. 7 ). This suggests an explanation 
of the prevailingly tricolpate character of the dicotyledonous 
pollen grains. Furthermore such a suggestion seems plausible 
by comparison with the formation of germinal pores in some 
Basidiomycetes. For example, Dodge ( 1924 ) describes the 
formation of pore plugs in spores of Gymnosporangium, which 
he states are analogus to the caps which cover the germ pores 





Fig. 7 . Diagram of four spheres in contact in the tetrahedral arrangement. 
Each makes three points of contact, one with each of its neighbors. 

Fig. S. Diagram of four spheres in contact in the rhomboidal or half tet¬ 
rahedral arrangement. Two make contact with two, and two make contact 
with three of their neighbors. 

Fig. 9 . Diagram of four spheres in contact in the tetragonal arrangement. 
Each makes contact with only two of its neighbors. 

in pollen grains of Gucurbita . His figures show clearly that 
these pore plugs, and consequently the pores, are formed 
at the points of contact betwen adjacent cells. 

For purposes of discussing the symmetry relations of these 
spheres it is convenient to speak of their polar axes as lines 
extending through the centers of the spheres and directed 
towards the center of the tetrahedron where they would all 
four meet, if so extended. Thus each sphere comes to have an 
inner and an outer pole, a proximal and distal polar hemisphere, 
and the equator is the line encircling the sphere midway be¬ 
tween the poles—the boundary between the two polar hemi- 
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spheres. In the case of the four spheres, the three points of 
contact on each form an equilateral triangle, all in one polar 
hemisphere; whereas the three furrows in dicotyledonous pollen 
grains are on the equator—midway between the poles. 

Now let us see what the situation is in pollen in which 
the four cells of the tetrad do not separate at maturity. Such 
a case is found in the pollen grains of nearly all the Ericaceae; 
for example in the pollen of Azalea the four cells of the tetrad 
remain firmly united in the tetrahedral position, forming 
a four-celled compound pollen grain at maturity (plate 16, 
fig. 1). Each of the cells is much flattened against its neigh¬ 
bors of the tetrad so that—instead of making contact by points, 
as spheres do in this arrangement—these contacts are broad 
flat surfaces as if formed under so much pressure that the 
flattening extends very near or even quite to the equators of 
the grains. Each of the four cells has three germinal furrows 
contiguous and continuous with those of its three neighbors 
directly across the edges of their contact faces. Each furrow 
encloses a single germinal aperture at its point of contact with 
the furrow of the neighboring grain. If these four grains were 
to be separated from each other, and, with the relief of pres¬ 
sure, the flattened sides of their proximal hemispheres should 
round out, they would be in essential respects just like any 
other tricolpate dicotyledonous pollen grains. Obviously in 
this case the position of the furrows and apertures is determined 
by the tetrahedral arrangement of the grains in the tetrad 
group, and is therefore a haptotypic character. 

Another example of four-celled pollen grains among the 
dicotyledons is that of Salpiglossis sinuata (fig. 2). The cells 
are in the tetrahedral position, but here the union is looser 
than in the grains of Azalea , as if formed under less pressure, 
and the contact faces are correspondingly less extended so that 
their edges do not nearly reach the equator. The furrows are 
spindle shaped, broadening out in the middle to contain the 
germinal aperture and tapering towards their proximal as well 
as their distal ends. Though they exactly meet each other on the 
line of contact between the flattened faces of the adjacent 
grains, their apertures are not at the edges of contact, as in 
the grains of Azalea , but are some distance from them on the 
equators of the individual grains. This shows that in these 
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grains the position of the furrows with relation to the equator 

of the grain is controlled by the contacts between adjacent 

grains, but the position of the furrows relative to the poles 

of the grain is independent of its contacts with its neighbors, 

i.e, they take a symmetrical position midway between the 

poles. Thus it is plain that in the grains of Salpiglossis siniiata 

mutual contacts exercise, so 

to speak, complete longitudi- 

rial control but no latitudinal 

control of the relative posi- yr ■ 

tions of the germinal aper- / /.Wr \ \ 


After the two divisions of / / ■: \ \ 

the pollen mother-cell nucleus j \ J 

are complete, and the four I I 

nuclei, apparently through Yj|||§^^ 
mutual repulsion, have taken 
up positions in the pollen ■ 

mother cell as far apart as \. 

possible, and consequently in ^ 

the tetrahedral position, Farr Fig. 10. Diagram of four daugh- 
(1916) and others have noted ter nuclei in the tetrahedral ar- 
that in some cases thicken- rangement within the mother-cell 
ings are formed on the inside V 11 ’ presented by the black circle. 

of the pollen mother-cell wall 

in the regions of least pressure. This can perhaps best be 
visualized if we think of the four nuclei contained within the 
spherical wall of the pollen mother cell as if situated at the 
four angles of an imaginary tetrahedron (text fig. 10). Such 
a figure is bounded by four plane surfaces—each an equilateral 
triangle—, six edges, and the four solid angles at which the 
four nuclei are situated. Now when the soft gelatinous inner 
layers of the mother-cell wall begin to swell, the viscous 
material is moulded inwardly into the form of the zones of 
least pressure which lie midway between each pair of nuclei. 
There are four such regions, each triangular and centering 
outside the centers of each of the triangular faces of such 
an imaginary tetrahedron. These four interior ridges of the 
mother-cell wall develop inwards and meet in the center 
of the tetrahedron. At this stage each of the four daughter 
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cells is still connected with its neighbors through three broad 
channels, six in all, each one lying in the center of the plane 
of compression between each pair of forming cells. As the 
thickening of the mother-cell wall proceeds the six broad 
connecting channels are progressively narrowed until, at the 
last stage before complete separation, the cells, which have 
now become rounded off, remain united by pit connections which 
lie in the same planes as the six edges of the assumed tetrahe¬ 
dron, and thus become the middle points of the contact faces 
of the new tetrahedral pollen cells. These pit connections 
are finally severed as the cells round up and become completely 
separated by the continued thickening of the pollen mother¬ 
cell wall. According to Farr ( 1916 ), Gates (1925) and others, 
this method of quadripartition by furrowing is common among 
the dicotyledons. 

It is soon after the grains have separated that their sculptur¬ 
ing begins to appear. Its formation consists in the deposition, 
in organized form, of the material of the greatly thickened 
special mother-cell wall. As a general rule, in normal grains 
little or no suggestion of the pattern or hint of the position 
of the germinal apertures is discernible until after the separ¬ 
ation and rounding up of the daughter cells is complete, and 
the material of the thickening of the special mother-cell wall 
has become packed between them; consequently from an ex¬ 
amination of normal material, the relation of the germ pores 
to the points of mutual contact in grains which do not remain 
united is not generally apparent. 

In pollen grains which exhibit a complicated system of 
sculpturing this nearly always presents a radiosymmetrical 
pattern which is definitely related to the germinal apertures. 
For example, in the normal grains of chicory there are three 
apertures and the pattern of the sculpturing is triradiate as in 
fig. 3; it is characterized by six prominent paraporal crests, 
so called because they are arranged, one on each side of the 
germinal pores. In aberrant grains in which there are more 
than three apertures the triradiate pattern is never found, 
which shows that the numerical type of the pattern is depend¬ 
ent upon the number of germinal apertures. 

Fortunately in the development of the pollen grains of 
some varieties of chicory there are encountered many irregular 
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formations which show the nature of this relationship. These 
are of the kind which is generally regarded as denoting hy- 
bridity of origin. For example, in the variety known as 'Red¬ 
leaved Treviso,’ 1 a large proportion of the pollen mother cells 
do not divide; in these the material of the special mother-cell 
walls is deposited in a granular concretion on the surface, but 
such cells appear to be deficient in power to properly organize it, 
and become formless giants without germinal apertures, and with 
no suggestion of the symmetrical pattern characteristic of the 
normal grains. Yet, at least in some cases, spines are weakly 
developed, and they and the texture of the exine bear an un¬ 
mistakable resemblance to those of the normal grains. The 
symmetrical triradiate pattern is a haptotypic character and, 
lacking the contact stimuli, fails to develop, but the spines 
and texture are emphytic and develop, at least in part, in¬ 
dependently of contact stimuli. These formless giants call 
to mind the giant spores and ‘indurated asci’ recently de¬ 
scribed b} 7 Dodge (1928) among the progeny of his hybrid 
Neurosporas. In these occasionally an ascus produces a single 
giant spore which bears the normal surface sculpturing, or the 
ascus fails to produce any spores, becoming instead indurated 
and with the surface markings laid down on the inside of the 
ascus wall. 

In the anthers of the chicory flowers other pollen mother 
cells divide quite successfully, but the four daughter cells 
abort and become quite empty; nevertheless in these cases 
the pattern develops as typically as in the normal grains, A 
similar condition has been described by Tischler (1908) and 
others for the grains of sterile hybrids; if a pollen cell dies 
after only the first rudiments of the sculpturing are laid down, 
the pattern continues to form, and develops to completion 
even /though the lumen of the pollen cell be quite empty. 

■ Between these two extremes are a few other types in which 
irregular pollen mother cells appear to abort during the pro- 

1 I am indebted to Dr, A, B. Stout of the New York Botanical Garden, for 
the use of the slides upon which these observations of the developing chicory 
pollen grains were made. The plants were grown from seed obtained from 
Dippe Bros., Quedlinburg, Germany. It is interesting to note that' they are 
characterized by excessive fasciation. See Stout, A.B., Duplication and 
cohesion in the main axis of Cichorium Iniybus . Mem. Brooklyn Bot. Gard. 
1 : 480 - 485 . 1918 . 
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cess of separation of the four daughter cells. Occasionally this 
is found to take place when the furrowing has all but completed 
the separation of the cells; with the death of the protoplast 
they become frozen, so to speak, in the final act of separation 
when each of the daughter cells is still connected with each 
of its three neighbors by the pit connections which now be¬ 
come extended as six narrow tubes (fig. 4). Though the process 
of division is arrested with the death of the cell other pro¬ 
cesses continue on; the special mother-cell walls continue to 
thicken, and at their expense the pattern of the newly formed 
cells is carried nearly to completion, resulting in the phenom¬ 
enon of four daughter cells still united in the tetrad, but with 
the pattern of the finished cells clearly defined. And in such 
cells the pattern exhibits triradiate symmetry bearing the 
same relation to the three connecting tubes as in the normal 
grains it bears to the three germinal apertures. 

Thus it appears that in the grains of chicory the type of 
symmetry is determined by the number and position of the 
germinal apertures and these in turn, are formed at the last 
points of communication between the adjoining cells. Since 
throughout the dicotyledons the tetrad formation is prevail¬ 
ingly tetrahedral, giving three points of contact, we have the 
explanation of the fact that the pattern on the pollen grains 
of dicotyledons is prevailingly triradiate. This fact is the more 
remarkable since among floral and other symmetrical structures 
the pentagonal is the prevailing type of symmetry of the 
dicotyledons (see, for example, Blossfeldt, 1928), while the 
triradiate or triangular, and hexagonal symmetries are quite 
rare. We are evidently dealing in this case with phenomena 
which are to be classed in fundamentally different categories. 

As has already been pointed out in many species of di¬ 
cotyledons, some pollen grains in a given anther may exhibit 
certain symmetries other than the triradiate. Among the. 
grains of species which are typically 3-colpate are frequently 
found a few grains that are 4-colpate, 6-colpate, and occasion¬ 
ally 2-colpate. How can these be related to tetrad formations? 

It was well known to Nageli (1842) that when pollen tetrads 
are formed, frequently there are a few in which the cells fail 
to get into the tetrahedral position. Two other arrangements 
which they may assume are the tetragonal and rhomboidal. 
In the tetragonal (text fig. 9) all cells are on the same plane, 
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and it is the arrangement that would result from bipartition 
with rectangular intersection with no indication of a tendency 
to readjustment toward a least surface configuration. In this 
grouping each cell makes only two points of contact with its 
neighbors. It is known to occur sometimes among dicotyledons 
and is normal for many monocotyledons. In the rhomboidal 
arrangement (text fig. 8) all four cells are in approximately 
the same plane but two cells make two points of contact and 
two make three points of contact. Such an arrangement would 
result from bipartition with rectangular intersection, as the 
tetragonal, but followed by a partially expressed tendency to 
assume the least surface configuration. This arrangement is 
called by Nageli the half tetrahedral. These two types of diver¬ 
gence from the tetrahedral arrangement give either all four 
cells with two points of contact, or two cells with two and two 
with three points of contact. But so far in my experience, 
grains with two are the most rarely encountered of those with 
aberrant numbers of germinal furrows; only twice have I seen 
such cases (in the pollen of a single plant of Stenotus langiiinosus 2 
and of Hecastodeis Shockleyi ). The commonest aberrant num¬ 
ber is four—a number of contacts which would seem to require 
at least five cells in a group. The production of supernumerary 
cells from the pollen mother cell appears to be a possible ex¬ 
planation, particularly if there are some 6-colpate grains found 
at the same time, but is less likely in the usual aberrants 
where only 3- and 4-cofpate grains are found, since apparently 
the only number of cells which could consistently produce four 
contacts is five; if there should happen to be six grains formed in 
a group some would be 5-colpate, a number which is scarcely 
ever found. 

An explanation of the origin of four germinal furrows is 
found in the developing chicory pollen; among the irregular 
grains are occasionally found some ‘frozen’ tetrads arrested 
in their development in the tetragonal arrangement with pit 
connections at only two points in each grain. In some few such 
cases the development of the external features of the grains 
has proceeded far enough to show quite definitely that two 
germinal pores were forming at the two points of contact, as 
would be expected, but there were also two more developing 
exactly opposite these points (pi. 16, fig. 5), so that each of 
1 A specimen collected in Oregon by Cusiek (No. 3282). 
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these grains originating from the tetragonal arrangement would 
have four germinal apertures and consequently four furrows. 

Thus we see that apertures are not confined exclusively 
in their development to the contact points of pit connections, 
but when these are in such a position that the cell would be 
asymmetrical, symmetry may be achieved by the development 
of supplementary apertures symmetrically placed. 

The next commonest aberrant number of apertures is six; 
this is frequently found in grains of which the normal number 
is three. It is the characteristic number in the grains of Dahlias 
which, in this respect, constitute a remarkable exception among 
the Compositae. The arrangement of these six apertures is 
always tetrahedral, (fig 6), in the sense that they occupy in 
these grains the same positions that the double furrows do in 
the tetrad grains of the Ericaceae— or that the pit connections 
do in the ‘frozen’ tetrahedral tetrads of the chicory. In other 
words the furrows lie with their long axes in the position of 
the six edges of the assumed tetrahedron. It will readily be 
seen that in this arrangement each aperture is subtended on 
the other side of the grain by another which is exactly opposite 
and with its long axis at right angles to the first. In chicory 
the cell apparently maintains its symmetry in the presence 
of two points of contact by developing four apertures. In the 
case of the Dahlia three points of contact apparently determine 
the development of three apertures, all in one hemisphere, and 
the cell maintains its symmetry by the development of three 
more exactly opposite these, resulting in the hexacolpate form 
of the Dahlia pollen grain. 

These observations lead us to the conclusion that the number 
and arrangement of the germinal furrows in the grains of most 
dicotyledons is determined by the tetrahedral or other arrange¬ 
ment incident to their formation in tetrad. And, in as much 
as the numerical type of symmetry of the pattern is determined 
by the position and number of the germinal apertures, it may 
be stated that the number and arrangement of the elements 
in the symmetry patterns of pollen grains is a haptotypic 
character; that is to say is the result of their cellular inter¬ 
relations and directly due to the conflict of the law of biparti¬ 
tion with rectangular intersection, contending with the tend¬ 
ency to assume the least surface configuration. 

Yonkers, New York 
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Explanation of plate 16 

All figures were drawn free-hand from studies made with a Zeiss 2 mm. 
apochromat objective, n.a. 1.3, and a 10 X ocular. 

Fig. 1. Pollen grain of Azalea showing four cells closely packed in the 
tetrahedral arrangement. Each of the three furrows of the individual cells 
is continuous with one furrow of each of its three neighbors and the apertures 
are formed at the edges of the contact faces. 

Fig. 2. Pollen grain of Salpiglossis sinuata showing four cells very loosely 
united in the tetrahedral arrangement. The furrows are continuous but the 
apertures are on the equators of the cells. 

Fig. 3. Pollen grain of Scolymus, polar view, showing the three germinal 
apertures and triradiately symmetrical pattern. The pattern here show r n is 
exactly duplicated on the other side, for proximal and distal hemispheres 
are Always alike. This grain is essentially the same as that of chicory (cf. 
Wodehouse, 1928, pL 20, fig, 14). 

Fig. 4. A chicory pollen tetrad in the tetrahedral arrangement, arrested 
in its development by abortion, just before the final separation of the four 
daughter cells. The triradiate sculpturing has been omitted from the drawing. 

Fig. 5.. A chicory pollen tetrad in the tetragonal arrangement, optical sec¬ 
tion, showing the development of two accessory germ pores opposite the, two 
pit connections. 

Fig, 6. Pollen grain of tree Dahlia y showing three germinal furrows, all in 
one' hemisphere, and with their axes directed radially in the' figure. There are 
three more apertures in the other hemisphere, with their axes directed tan¬ 
gentially. 







The flowering of Lemnaceae 

Albert Saeger 
(with plates 17-19) 

During the summers of 1927 and 1928 Spirodela polyrhiza 
(L.) Schleiden, Lemna minor L., and Wolffia papnlifera C. 
H. Thompson were found abundantly in flower in a pond 
near Columbia, Missouri. While flowers of L. minor are 
not uncommon, those of 5. polyrhiza have long been con¬ 
sidered a botanical rarity, and flowering specimens of W. 
papnlifera have, to the writer’s knowledge, never before been 
reported. 

Flowering in S. polyrhiza and W. papnlifera is probably 
associated with some local conditions in the pond in which 
they are found. Although many other ponds within a radius 
of twenty miles were found with an abundance of Spirodela , 
and at least one other with W. papnlifera , in none of them did 
a careful search reveal any flowering. The factors that are 
associated with the flowering of these Lemnaceae (duckweeds) 
are unknown, but sufficient observations have been made on 
this and other ponds to suggest experiments to determine their 
nature. These plants should serve as very favorable material 
for the study of flower production. They are small and can 
be grown under carefully controlled conditions, and they 
do not flower readily. 

The family Lemnaceae includes four genera of about 
26 known species. Records of their flowering follow. 

SPIRODELA 

Our knowledge concerning the flowers of S. polyrhiza 
is based largely upon a collection by W. H. Leggett (1870a). 1 

1 It is perhaps fitting, on the sixtieth anniversary of the discovery of 
flowers of Spirodela for the first time in America by Mr. Leggett, the founder 
of the Bulletin of the Torrey Club, to call attention to the fact that these 
notes on Lemnaceae brought out by Mr. Leggett and his correspondents were 
practically the first contributions to scientific botany published in this 
journal. The present editor has welcomed this historical review in the hope 
that it will stimulate a revival of interest in field observation and study of 
conditions of flowering in this family on the part of members of the Club and 
others. It may also be noted that this year marks the bicentenary of the 
publication of illustrations of flowers of Lemna by Micheli in Italy.—T. E. H. 
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He found them in July, 1869, in ‘two little hollows filled 
with water' on Staten Island, New York, intermingled with 
Lenina per pus-ilia Torrey, also in bloom. Leggett sent specimens 
to John Torrey, G. Engelmann, C. F. Austin (who had 
written the account of the Lemnaceae in the newly published 
5th edition of Gray's Manual), and to F. Hegelmaier, the mono¬ 
grapher of the family. Dr. Torrey identified the plants and 
wrote: ‘You have been very fortunate in detecting the flowers 
and fruit of a plant that is so rarely seen in such a condition, 
notwithstanding it is abundant in almost every part of the 
world.’ Engelmann (1870) gave a somewhat detailed descrip¬ 
tion of the flowers and fruit. Austin responded with a brief 
description of the fruit, accompanied by seven roughly drawn 
figures (Leggett, 18706). Hegelmaier also identified the speci¬ 
mens as S. polyrhiza and commented: 

The flowers and fruit of Spirodela rank among the greatest botanical 
rarities. I myself, though working some years on these plants, and examining 
rich materials of them both living and dried, have never before seen the 
flowers and fruit; and, in fact, they have been seen only by a few authors. 

These authors were Willdenow (1805, p. 196), Schleiden 
(1839) in Germany, who found flowers with undeveloped pistils 
(pp. 386, 391); and Griffith (1851) in India, who described and 
illustrated the flowers and fruit of Lemna major , no doubt 
synonymous with S. polyrhiza . The discovery of the flowers 
of this species is credited by Wiggers (1780) to an enthusiastic 
young botanical student named Grauer, who had earlier found 
those of Lemna gibba. In the literature one also finds state¬ 
ments that Nees von Esenbeck had seen the flowers (Hoffmann, 
1840, p. 230; Ludwig, 1909, p. 78). 2 

Some months after receiving a second lot of specimens 
(in alcohol) from Leggett, Hegelmaier (1871) published 
a detailed description of the flowers and fruit of S. polyrhiza. 

2 The statement that Linnaeus also had seen flowers of Spirodela polyrhiza 
is doubtless due to a misinterpretation of a note by Willdenow, loc. cit., in the 
so-called 4th edition of Species Plantarum: ‘Flores Lemnae minoris et polyrhizae 
saepius vidi, Lemnae gibbae observarunt Ehrhart, Micheli et alii, hujus, nempe 
Lemnae tristdcae, primus omnium detexit Wolf, l.c. In L. arrhiza et obovata vero 
Bores nemo adhue vidlt. WY This signature of the initial l W shows clearly 
that the note is the personal statement of Willdenow. Wiggers (1780, p. 67), 
moreover, a late contemporary of Linnaeus, indicates that Lemna minor was 
the only species in which the latter saw flowers. 
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This is a comparative account of the floral structure of the 
species of Lemnaceae. In it he reconsiders his former view that 
the sexual complex is to be taken as an'inflorescence, and now 
considers it a single flower. The plate accompanying his article 
gives a clear conception of the floral anatomy of Spirodela . 
The description and some of the figures are repeated in a later 
work (Hegelmaier, 1878). Brief reviews of Hegelmaier’s account 
soon followed in Germany, 3 and in the Bulletin of the Torrey 
Club by Engelmann (18715). 

Spirodela was again seen in flower by Gillman (18716). 
He found Lenina minor , L. tris idea , and 5. polyrhiza (the last 
in the majority) blooming together in a pond on Belle Isle 
in the Detroit River, Michigan, July 30, 1871. Previously, 
June 7, 1870 he had found L . minor in flower at Eaton Rapids, 
Michigan. Ten years later on July 24, Gillman (1881) again 
found S . polyrhiza abundantly in flower in the same pond 
on Belle Isle. The flowers seen were in every stage of develop¬ 
ment up to the seed. He believed that the shade of overhanging 
vegetation favored the production of flowers, a view that does 
not agree with the writer’s observations. 

Rostowzew (1901), quoted by Ludwig (1909), must also 
have seen S. polyrhiza in flower In the vicinity of Moscow. 
Dalgliesh' (1926) states that the flowers of this species are 
unknown in Great Britain. Vuyck (1895a) found the species 
occurring commonly (Netherlands) but reproducing exclusively 
vegetatively. 

Information concerning the flowering of the other species 
of Spirodela is also fragmentary. S. punctata (Meyer) Thomp¬ 
son was collected by Capt. Wilkes, U.S.N., at Tierra del 
Fuego, South America in 1839, and the flowers were described 
by Thompson (1898, p. 8). Kurz (1865) found S. oligorhiza 
Kurz In bloom, and gave a description accompanied by six 
figures, which Hegelmaier describes as ‘ausserst roh/ The 
Australian species, S. pusilla Hegelm., Is said to bloom more 
often than the others mentioned (Hegelmaier, 1895, p. 285). 

LEMNA 

The flowers and fruit of various species of Lemna have 
been studied more extensively. Micheli (1729), Ehrhart 

3 H.S. Hegelmaier's Die Lemnaceen. Bot. Zeit. 27: 133-136. 1869. 
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(1779), Wolff (1801), Palisot (1816), Wilson (1830), Brongniart 
(1833), Richard (1833), Schleiden (1839), and Dalgliesh (1926) 
found the flowers of L. gibba L. The studies of Micheli, Wolff, 
Palisot, Richard, and Brongniart are accompanied by de¬ 
scriptive plates. 4 Flowers of L. minor L. were known to Lin¬ 
naeus (1763), Ehrhart (1779), and Schleiden (1839), and were 
described in detail by Wolff (1801), Ludwig (1881), Trelease 
(1882), Vuyck (1895a), Kalberlah (1895), and Rostowzew 
(1901, 1905). The latter’s figures of the seed and embryo of 
L. minor are reproduced in Goebel’s (1921) critical morpholog¬ 
ical study of Lemnaceae. Perhaps the most detailed study of 
the life history of any of the Lemnaceae is that of L. minor 
by Caldwell (1899). L. trisulca L. was seen in flower by Wolff 
(1801), 5 Schleiden (1839, p. 386), Gillman (1871), Vuyck 
(1895), Kalberlah (1895), and Rostowzew (1901). L . perpusilla 
Torrey (1843), originally described from flowering plants 
collected on Staten Island, was again found blooming there by 
Leggett (1870a), as noted above; the development of its embryo 
has been studied by Blodgett (1914, 1923), who repeatedly 
found flowers, but did not publish the station. Hegelmaier 
(1895) reported having received plants of L. valdiviana Philippi 
with flowers and fruit collected in New Jersey by Austin. 6 No 
doubt many others have observed species of this genus in flower. 

Lenina minor , apparently, blooms quite readily. The writer 
has grown this species in all stages of fkwering and fruiting 
through the months September to May in a dilute mineral 
solution such as that used for Spirodela in previous studies 
(Saeger, 1925). Concerning the causes of flowering in this 
instance one can only, in the absence of more experimental 
data, agree with Vuyck (1895a): ‘Voorloopig wensch ik mij 

4 Michel i T s very clear figures (in his plate 11, fig. 1) of flowers of his 
plant, described as Lenticula palustris major , inf erne magis convexa, fructu 
polyspermOj found growing in abundance at Florence, are said by Ehrhart to 
agree very exactly with his flowering plants of Lemna gibba found at Hannover 
fifty years later. Linnaeus ( 1763 , p. 1376 ) also accepts this plant of Micheli as 
dentlcal with his L, gibba, 

5 This Johann Friedrich Wolff ( 1778 - 1806 ), who knew the flowers of at 
least three species of Lemna is indicated by Pritzel and elsewhere as the man 
commemorated in the genus Woljjia, although not designated' in the publication 
of the genus by Schleiden ( 1839 ). 

s This species w r as described as L. Torreyi Austin (seed included) in Gray’s 
’ Man. ed. 5. p. 479.1867. ' 
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niet in onvruchtbare beschouwingen te verdleper/ (For the 
the present I do not wish to engage in fruitless speculation). 
Cultures of other species of Lemna grown under similar 
conditions have failed to flower. 

WOLFF IA 

The species of Wolffia known in the flowering state are: 
W. brasiliensis Weddell (1849); W. arrhiza (L.) Wimmer 
(Franchet, 1864); W. columbiana Karsten (1865); W. hyalina 
(Delile) Hegelm., W. repanda Hegelm., and W. Welwitschii 
Hegelmaier (1865, 1868). Weddell described in detail the 
flowers and fruit of W. brasiliensis , adding a plate of 27 figures. 
Karsten (1865, p. 103) based his description and figures of 
W. columbiana on flowering plants from South America: 
flowers were also reported from Detroit, Michigan by Austin 
(1870). The flowers of W. microscopica Griff, and of W. cylind - 
racea Welw. are unknown. 

W. papulifera Thompson is apparently known only from 
Missouri, having been collected by B. F. Bush near Kennett, 
in 1895, and in 1897 near Columbia, by C. H. Thompson (1898). 
The flowers were unknown until found by the writer during 
the summers of 1927 and 1928 (see plate 19). Sufficient material 
was collected at the time to serve as a basis for a study which 
it is hoped will be completed later. 

W OLFFIELL A 

In this genus of four known species no flowering has ever 
been observed. It would be of interest to know whether 
the sexual method of reproduction has been entirely replaced 
by the vegetative method, or whether fertile flowers might 
still be produced under appropriate conditions. Certainly 
there are some opportunities here for experimentation. 

In the more recent instances where flowering of Spirodela 
polyrhiza was observed (Leggett, Gillman, Saeger) it may be 
noted that there were always one or more other species of 
duckweeds blooming in the same pond, at about the same time 
(see plates 17, 18). Even the meager field observations made 
in each case indicate that some local conditions, character¬ 
istic of the particular pond in which the specimens occurred, 
were closely associated with the flowering of these plants. 
The Indications are that the chemical composition of the pond 
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water is an important influencing factor. It is hoped that the 
production of flowers in S. polyrhiza , now a botanical rarity 
observed by a few, will become an experimental commonplace. 


SUMMARY 

1. The rarely observed occurrence of flowers of Spirodela 
polyrhiza (L.) Schleiden is again reported. 

2. The occurrence of flowering specimens of Wolffia papn- 
lifera Thompson, hitherto unknown, is reported. 

3. A brief review is given of flowering records of the species 
of Lemnaceae. 

Thanks are here expressed to the Missouri Botanical 
Garden for the use of its extensive library and herbarium 
facilities. 

Department of Botany 

University of Missouri 
Columbia, Missouri 
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Explanation of plates 17-19 

Plate 17. Spirodela polyrhiza (L.) Schleiden, a specimen in bloom: the 
arrow indicates the stamen, visible from above. Accompanying species: 
Lemna minor L. (2) and Wolffia papulifera Thompson (3). 

Plate 18. Lemna minor L., specimens in bloom: arrows indicate the sta¬ 
mens. Accompanying species: Wolffia papulifera Thompson (2) and Spirodela 
polyrhiza (L.) Schleiden (3). 

Plate 19. Wolffia papulifera Thompson, specimens in bloom: arrows indi¬ 
cate flowering specimens. , 

All from photographs by F. J. Barham, August 10, 1927. Magnification, 
11 diameters. 















































Pilacre faginea proves to be a heterothailie fungus 
Angie M. Beckwith 

In their paper, 'The Life History of Pilacre faginea (Fr.) 
B. & Br., 1 Shear and Dodge made the statement incidentally 
that this fungus developed basidia in certain cultures which 
were presumed to be single spore cultures. Their statement 
was based on culture work done by the writer. They pointed 
out, however, that some of the cultures remained sterile, 
producing only conidia. With this in mind, they later suggested 
to the writer that further work should be done, as there ap¬ 
peared to be evidence that the cultures which had fruited may 
have contained two strains. The morphology of the conidial 
and basidial stages has been described in the paper referred 
to. The writer has recently proved that single spore cul¬ 
tures do not develop basidia. They are produced only when two 
strains of opposite sex are grown together. Due to the small 
size of the spores and the slowness of germination, great care 
is necessary to avoid the possibility of an ungerminated spore 
being carried into the culture with the germinating one and 
later producing a mycelium. 

Basidiospores from a specimen on the bark of dead sycamore 
were plated out and single germinating spores transferred 
to corn meal agar slants on November 23, 1926. Five single 
basidiospore cultures, labelled 1, 2, 3, 4, and 5, were thus 
obtained. None of these monosporous cultures ever produced 
basidiocarps, nor did any of the numerous subcultures made from 
them. At least five tubes each were made of all possible com¬ 
binations of these five haplonts, and fifteen cultures each of the 
combinations 1 + 2, 1+5, and 2+5. The result of these cultures 
was that all combinations with 1 produced basidiocarps, but 
all other combinations had only conidia. 

From the behavior of these cultures, it seems evident that 
the fungus is heterothallic, mycelium no. 1 being regarded as 
haplont A and the others as haplonts B. Since there were so 
few strains involved, it was deemed advisable to test more 
monosporous cultures. Accordingly, basidiospores from com¬ 
bination culture 1 + 2 were isolated, and six monosporous 

1 Jour. Agr. Res. 30: 407-417. 1925, 
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cultures made, numbered 7, 11, 12, 13, 14, and 15. These 
were transferred to large tubes of potato dextrose agar. Each 
of these cultures was combined with the monosporous cultures 
1 and 2 which had been shown to be of opposite sex. In a 
little over two months basidiocarps were formed in all the 
combinations with 2 and none in the combinations with 1, 
indicating that cultures 7, 11 , 12, 13, 14, and 15 were haplonts 
A. By growing monosporous strains in pairs in various com¬ 
binations, it has been shown that mycelia 1, 7, 11, 12, 13, 14, 
and 15 are of one sex, and haplonts 2, 3, 4, and 5 are of the 
opposite sex, although not all the possible combinations were 
made. All possible combinations, however, were made between 
1, 7, 11, 12. 13, 14, and 15, but they failed to produce basidio¬ 
carps, as did combinations of 2, 3, 4, and 5. For example, ten 
cultures of 1 with each of haplonts 2, 3, 4, and 5 gave basidio¬ 
carps, but 2, 3, 4, and 5 in any combination remained sterile. 
Further studies are being made, and the complete results 
will be published later. 

Bureau of Plant Industry 
Washington, D. C. 



The genus Weinmannia in northern South America 

E. P. Killip and A. C. Smith 
(with two text figures) 

The genus Weinmannia (Cunoniaceae) is widely distributed 
in the mountainous regions of the New World, ranging from 
Mexico to Chile and Argentina, and occurring also in the West 
Indies, British Guiana, and Brazil. Several species likewise 
are found in the Old World. 

In the excellent monograph by Engler (Linnaea 36; 592-650. 
1869-70) about twenty species are recorded from British 
Guiana, Venezuela, Colombia, and Ecuador. Since the publica¬ 
tion of this, some fifteen additional species have been described 
from this area. Unfortunately many of these are not represented 
by type or authenticated material in the herbaria of the United 
States, and we have seen only a small portion of the collections 
in European herbaria. The differences between the species 
consist mainly in leaf characters, and, in the absence of this 
material, we have frequently been unable to find satisfactory 
points of differentiation. We have hesitated definitely to reduce 
species known to us only by description, and therefore, in some 
cases, we have merely indicated the probable relationship. 

The American species of the genus seem naturally to fall 
into two groups, those with simple leaves and those with com¬ 
pound leaves. Ho-wever, even this division is not wholly satis¬ 
factory, as W. crenata , a species which usually has one or two 
pairs of leaflets, occasionally has simple leaves, and on the 
other hand, W. heterophylla and W. auriculifera , species with 
the leaves normally simple and sometimes auricled at the base, 
occasionally have the auricles distinct to the rachls. 

Among the compound-leaved species the principal groups 
may be differentiated by the leaves being 1- to 3-jugate or 
3- to 12-jugate, by the presence or absence of an indument 
on the ovary and capsule, and by the texture of the leaves. 

The herbaria in which specimens we have examined are 
deposited are indicated thus: Arnold Arboretum (A); Botanisch- 
er Garten, Berlin (B); Gray Herbarium of Harvard University 
(G) ;U,S. National Herbarium (N) ;New York Botanical Garden 
(Y). 
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KEY TO SPECIES 

A. Leaves simple, auricled, or once-jugate (the lateral leaflets always much 
reduced when present). 

Leaf blades less than 3 cm. long. 

Habit compact; leaves rounded or subcordate at the base; racemes more than 

2 cm. long with fascicles scattered along most of the length. 

1. W. Karsteniana . 

Habit lax; leaves attenuate to the sessile base; racemes less than 2 cm. 

long with fascicles clustered near the apex.2. W. laxiramea. 

Leaf blades 4-12 cm. long. 

Leaves usually obovate, obtuse or subobtuse at apex, abruptly attenuate 
at base. 

Petioles short (less than 5 mm. long); leaves glabrous above; racemes 

not branched.3. W. calothyrsa . 

Petioles 8-10 mm. long; leaves pilose above; racemes branched. 

4. W. Lehmannii. 

Leaves ovate or ovate-oblong. 

Leaves often auricled at base or once-jugate. 

Racemes at anthesis not more than 1 cm. wide; petioles of the jugate 

leaves with wings narrow or lacking.5. W. auriculifera . 

Racemes at anthesis about 2 cm. wide; petioles of the jugate leaves 

broadly winged (wings about 3 mm. wide).6. W. heterophylla. 

Leaves always simple. 

Ovary and capsule pilose.7. W. caucana. 

Ovary and capsule glabrous. 

Upper surface of leaves hirsutulous. 

Leaves oblong or ovate-oblong, not more than 4 cm. long and 

3 cm. wide.8. W. Rollottii. 

Leaves broadly ovate, 5-7 cm. long, about 4 cm. wide. 

TT , 9> W. latifolia. 

Upper surface of leaves glabrous 

Leaves 2.5-3.5 cm. long.10. W. elliptica . 

Leaves 5-12 cm. long. 

Nodes of the branchlets much enlarged; leaves subsessile; fas¬ 
cicles crowded on the racemes (about 7 per cm.) . 

xt j rtt 11 .W.macrophylla 

Nodes of the branchlets scarcely enlarged; leaves distinctly 
petiolate; fascicles scattered on the racemes (about 4 per cm.). 

12. W. Balbisiana. 

Leaves compound, the leaflets never reduced to auricles (leaves occasion¬ 
ally simple in no. 13). 

Leaves 1-3-jugate. 

Racemes 6-12 cm. long; leaves more than 4 cm. long; leaflets more than 2 

-d Q Cm “ '' *-*.* • * • -.*.13. W. crenata. 

Racemes l-o cm. long; leaves less than 3 cm. long; leaflets less than 1 5 cm 
long. 

Terminal leaflet (if present) about equal to the lateral ones; racemes 
(including peduncles) not exceeding 2 cm. in length; calyx lobes 
l.o-l.8 mm. long. J 

Leaves 2-2.5 cm. long; leaflets 1-1.5 cm. long; racemes cylindric, 1.5-2 

T «?J 0 c5if yIcS f SS th ? n l l on S..14. W, guyanensis. 

Li i °* g j !ea ^ ets mm * ion S; racemes subcapitate, 

1 °° g; ^yles about 1.5 mm. long.15. W. microphylla,. 

Terminal leaflet larger than the lateral ones; racemes (including peduncles) 

l~m*S$!SZ . 

Ovary and capsule glabrous (rarely faintly pilosulous). 

Leaflets subconaceous, flattened when dried. 
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Leaflets crenate only towards the apex (crenations 1 to 3 per side), 4 to 8 

mm, long...17. IF. fagaroides. 

Leaflets crenate or serrate along the entire margin (or at least with the 
crenations more than 3 per side). 

Leaves pilose above; margins of the leaflets tightly revolute. . . . 

18. IF. vegasana. 

Leaves glabrous above; margins of the leaflets not revolute. 

Terminal leaflet nearly twice as large as the lateral ones (about 

5_cm. long).19. IF. platyptera. 

Terminal leaflet equaling the others or only slightly larger (less 
than 4 cm. long). 

Leaves, including petioles, averaging less than 3 cm. long; 
petioles less than 4 mm. long; leaflets crowded (wings 5 mm. 

long or less).. .20. IF. venezuelensis 

Leaves more than 3 cm. long; petioles at least 4 mm. long; 
leaflets separated (wings 6-13 mm. long). 

Petiole invariably winged (sometimes narrowly and only in 

upper part).21. IF. caripensis . 

Petiole without wings. 

Pedicels about 2 mm. long (occasionally 2.5 mm.). 

Floral leaves much reduced, often simple; main leaves with 
leaflets 2-3 cm. long, the wings 6-12 mm. long.. 

22. IF. descendens 
Floral leaves not much reduced; main leaves with 
leaflets 1-2 cm. long, the wings rarely exceeding 6 mm. 

in length...23. IF. Stuebelii . 

Pedicels 3 mm. long or more; leaflets 7-11 pairs. 

24. IF. multijuga. 

Leaflets thick-coriaceous or fleshy, becoming sulcate when dried. 

Wings between the the leaflets always present. 

Racemes less than 5 cm. long; leaflets less than 1 cm. long, attenuate 

at base.25. IF. Mariquitae. 

Racemes 6-10 cm. long; leaflets 1-2 cm. long, subacute at base. 

26. IF. Engleriana , 

Wings between the leaflets lacking or present only between the upper 
leaflets. 

Stipules small; wings between the leaflets broadly semi-oblong, atten¬ 
uate towards the base, lacking between the inferior leaflets. 

27. IF. sulcata. 

Stipules large (about 1 cm. across); wings between the leaflets rarely 
present (when present very narrowly semi-oblong). 28. IF. Trianae, 
Ovary and capsule uniformly pilose. 

Leaflets less than 8 mm. long, the margins entire, revolute.. 

29. IF. tamentosa. 

Leaflets more than 8 mm. long, the margins serrate or crenate, not revolute 
(or barely so). 

Both sides of the leaflets pilose (rarely glabrous above). 

Leaflets more than 1 cm. broad.30. W. pubescens. 

Leaflets less than 1 cm. broad.30a. IF. pubescens popayanensis. 

Both sides of the leaflets glabrous, or faintly pilose on the larger 
nerves.......31. IF. Lansbergiana. 

1. W. Karsteniana Szyszy, Oesterr. Bot. Zeitschr. 40: 
41. 1890. An excellently marked species which seems endemic 
to the mountains of western Venezuela. It is readily identified 
by its small subcordate leaves and by its compact habit. 

Venezuela: Trujillo: Paramo de Jabon, 3100 m., Jahn 
94 (N) . 
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2. W. laxiramea, sp. nov. Small tree or shrub with branch- 
lets elongated, lax; branchlets and racemes ferruginous- 
tomentose with crisp spreading hairs about .4 mm. long; 
internodes 2-4.5 cm. long; stipules somewhat semielliptic, 
about 2 mm. in diameter, deciduous; leaves simple, ovate or 
nearly obovate, 1.5-2.8 cm. long,.8-1.8 cm. wide, rounded 
at apex, attenuate and practically sessile at base, glabrous 
throughout, coriaceous, lustrous, serrate in the upper one- 
half or two-thirds, the serrations 3-6 per side (about 3 per cm.), 
acutish, calious-thickened at apex, the veins arcuate-ascending, 
ramifying near the margin, 4-6 per side; racemes axillary or 
terminal, in pairs, 1.5-2 cm. long; fascicles clustered near the 
apex, 2-6-fiowered; bractlets about .5 mm. in diameter; 
pedicels 2.5-3.8 mm. long, sparsely strigulose; calyx-lobes 
lance-ovate, blunt, glabrous, 1.6-1.9 mm. long; petals red, ob¬ 
long, rounded, about 2 mm. long; stamens 3-3.8 mm. long; 
ovary ovoid, 1-1.4 mm. long, glabrous; styles 1.6-2.4 mm long. 

Type, Tate 395 , collected Nov. 24, 1927, on summit of 
Mt. Roraima, British Guiana, and deposited in the herbarium 
of the New York Botanical Garden. Another collection from 
the same locality is; Jenman 327 (N). 

A well marked species, apparently endemic to Mt. Roraima, 
distinguished from IF. Karsteniana Syzszy. by its lax habit and 
its attenuate-based leaves. 

3. W. calothyrsa Diels, Bot. Jahrb. 37: 413. 1906. This 
species is characterized by very thick obovate leaves. It ap¬ 
parently is confined to the Popayan region of Colombia. 

Colombia: Dept. El Cauca: Popayan, 1500-2000 m., 
Lehmann 5418 (B, type), Lehmann B. T. 1064 (Y r ), B. T. 1065 
(Y), B. r. 1066 (Y). Rio Ortega, north of Tambo, 2000-2100 m., 
Pennell & Killip 8055 (N, Y). 

4. W. Lehmannh Hieron. Bot. Jahrb. 20: Beibl. 49: 21. 
1895. We have not seen specimens of this species, concerning 
which Hieronymus writes: ‘foliis supra subtusque parce hirto- 
pilosis* and hnflorescentia composita, terminale, trifida, ramis 
bifidis vel trifidis; pseudoracemis binis vel terms,* These points 
and the longer petioles, seem to distinguish it from IF. calo¬ 
thyrsa. 

Type from Colombia: Anlioquia, Lehmann 7433 . 

5. W. aURICULIFera Hieron. Bot. Jahrb. 20: Beibl. 49: 
22. 1895. A species with variable coriaceous leaves and numer¬ 
ous slender spikes, easily distinguished from allied species. 
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Colombia: ElCauca: Highlands of Popayan, 1600-1800 m. 
Lehmann 7710 (B, type; N), Lehmann B. T. 1063 (Y), B. T. 
1264 (Y). Rio Sucio, west of Popayan, 1900 m., Pennell & 
Killip 8198 (N). 

6. W. heterophylla H. B. K. Nov. Gen. & Sp. 6:53. 
pL 522. 1823. A species which suggests W. auriculifera in its 
once-jugate or auriculate leaves, but which differs in its thicker 
racemes and broadly winged petioles. 

Type from Colombia: Cundinamarca, near Bogota. 

7. W. caucana Killip, Journ. Washington Acad. Sci. 16: 
568. 1926. This is the only species in the simple-leaved group 
having pilose ovaries. 

Colombia: El Cauca: Morales, 1680-1720 m., Pennell & 
Killip 8306 (N, type). Rio Piendamo north of Popayan, 
1700 m., Pennell &° Killip 8286 (N, Y). 

8. W. Rollottii Killip, Journ. Washington Acad. Sci. 16: 
568. 1926. The leaves of this species are smaller than those of 
its immediate relatives and in addition are hirtellous above. 

Colombia: Cundinamarca: Paramo de Guasca, Ariste Jos¬ 
eph A476 (N,type). Tolima: Higher reaches of the Quindio, 
2400 m., Dawe 802 (Y). El Cauca: Las Escaleretas, Moras 
Valley, Rio Paez basin, 2800 m., Pittier 1378 (N); West Andes 
of Popayan, 2800 m., Lehmann 8536 (Y). The Lehmann 
specimen, consisting only of inflorescence and floral leaves, 
may not belong here. 

9. W. latifolia Presl, Rel. Haenk. 2: 51.1831.— W. rugosa 
Benth. PL Hartw. 132. 1844. We have seen no specimen of 
this. Engler considers W. rugosa , based on a Hartweg plant 
from Loja, a synonym of W. latifolia. From the drawing of a 
single leaf (Martius, FL Bras. 14 2 : pl.38,f. L), the blades are evi¬ 
dently much larger and proportionately broader than in the 
case of other species of this immediate relationship. 

10. W. elliptica H. B. K. Nov. Gen. & Sp. 6: 50. 1823. 
The single Humboldt specimen was collected near Loja, Ecua¬ 
dor. Engler has modified the description to include collections 
from British Guiana and Venezuela which probably are better 
referable to W. Balbisiana. True W. elliptica is apparently a 
species with small subsessile leaves. 

11. W. macrophylla H. B. K. Nov. Gen. & Sp. 6: 51. 1823. 
The largest leaved species in our range, its size emphasized by 
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the large nodes of the branchlets and the large numerous 
stipules. 

Ecuador: Loja: Between La Toma and Loja, 1800-2600 
m., Hitchcock 21435 (N, Y). Without locality, Jameson (U. S. N. 

H. 700,163). 

12. W. Balbisiana H. B. K. Nov. Gen. &Sp. 6: 51. pi. 520. 
1823.—‘EL ovata Cav.’ H. B. K. Nov. Gen. & Sp. 6: 52. 1823. 
EL Kunthiana D. Don, Edinb. Phil. Jour. 9: 85. 1830. W. lam - 
prophylla Diels, Bot. jahrb. 37: 412. 1906. The specimens 
cited below appear to represent a single species, although they 
show a certain amount of variation in shape and texture of 
the leaves and in the proportionate length of the racemes. 
Although we have not seen type material of EL Balbisiana , w r e 
are unable to find any important difference between the ex¬ 
cellent drawing and diagnosis of the plant given by Kunth 
and the type material of EL lamprophylla. Kunth’s descrip¬ 
tion of a Humboldt plant collected at Bogota which he referred 
to EL ovata Cav., and which was later described as EL Kunthi¬ 
ana, fails to point out satisfactory features of differentiation 
from EL Balbisiana . EL ovata Cav. is a Peruvian plant of 
which we have seen no authentic material. It may possibly be 
conspecific with IF. Balbisiana , although if Pennell’s 14099 
from Cuzco, Peru, Is true IF. ovata , that species is quite dis¬ 
tinct In having very thick leaves with strongly reticulate veins, 
and capsules fully twice as large as the Colombian specimens. 

IF. laurina H. B. K. apparently is this relationship. The 
type locality is not given, and it may not be within our area. 
We have seen no specimens which agree with the description. 

Venezuela: Merida: Moritz 1141 (N). Paramo de Qui- 
rora, 2000 m., John 712 (N, Y). Paramo La Trampa, 2100 m., 
John 996 (N, Y). Paramo del Morro, 2700 m., Jahn 1074 
(N, Y).— Colombia: Norte de Santander: Between Mutiscua 
and Pamplona, 2700 m„ Killip & Smith 19766 (A, G, N, Y). 
El Cauca: Andes west of Popayan, 2800-3200 m., Lehmann 
5416 (B, type of IF. lamprophylla; N, photo). La Gallera, 
1800 m., Killip 7898 (N, Y) — Ecuador: without locality, 
Jameson (U. S. N. H. 534,631). 

13, W.CRENATA Presl, Rel. Haenk. 2:51. 1831 .—? W.sorbi~ 
folia H. B. K. Nov. Gen. & Sp. 6: 57.1823.—?EL Spruceana 
Engl. Linnaea 36: 607. 1869-70. The specimens cited below 
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show a certain amount of variation in the cutting of the leaves 
and the shape of the leaflets. In a few of the specimens simple 
leaves are found, in others there are three pairs of leaflets. The 
rachis usually is rather broadly winged, although in some speci¬ 
mens it is scarcely winged at all. The shape of the leaflets varies 
from narrowly elliptic-oblong to broadly ovate. About half the 
specimens cited have glabrous ovaries; in the others the ovaries 
and capsules are faintly or densely pilose. It is doubtful if more 
than one species is represented, although some of the Santander 
specimens suggest W. Balbisiana . It seems unlikely that a 
species as common as this appears to be in Colombia would have 
been overlooked by Humboldt, and possibly it was described 
under the name of W. sorbifolia. However, certain details in 
the description of that species, such as serrate leaflets with the 
mid-nerves pilosulous beneath, do not agree at all with material 
which we have seen. The type locality of W. sorbifolia is given 
merely as ‘Nova GranataPh 

W. Spruceana, known to us only by description, is perhaps 
a form of this. 

Venezuela: Merida: Paramo de Canagua, 1900 m., John 
914 (N), 915 (N). Tachira: Guaraque, 1700 m., John 93 (N). 
—Colombia: Norte de Santander: Pamplona, 2200 mu, Killip 
&° Smith 19797 (A, G, N, Y). Toledo, 1800 m., Killip Smith 
20050 {A, G, N, Y). Santander: Las Vegas, 2600 mu, Killip 
&° Smith 16109 (A, G, N, Y). Surata, 2200 m., Killip & Smith 
16745 (A, G, N, Y). La Baja, 2700 mu, Killip & Smith 18041 
(A, G, N, Y). Charta, 2000 m., Killip & Smith 18887 (A, G, 
N, Y), 19305 (A, G, N, Y). Tona, 2000 m., Killip <5? Smith 
19461 (A, G, N, Y), 19516, (A, G, N, Y). Cundinamarca: 
Chipaque, 2600 m., Andri 909 (Y). Bogota, Ariste Joseph 
B107 (N). Paramo de Guasca, Ariste Joseph B108 (N). Huila: 
Neiva, 1300 m., Rusby & Pennell 1057 (N, Y), 544 (Y). 
Antioquia: Titiribi, Toro 349 ( Y). El Cauca: Pedregal, 1600 
m., Lehmann 6668 (N).— Ecuador: Loja: Las Juntas, Lehmann 
4980 (N, Y), cited by Hieronymus as W. cinerea R. & P. (Bot. 
Jahrb. 20: Beibl. 49: 24). 

14. W. guyanensis Klotzsch, ex Engler in Linnaea36: 60S. 
1869-70. A well marked species apparently endemic to Mt. 
Roraima. The leaflets bear a strong resemblance to the simple 
leaves of W. laxiramea K.& S., which has possibly been con¬ 
fused with it in many herbaria. 
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British Guiana: Mt. Roraima, summit, Tate 387 (Y). 

15. W. microphylla H. B. K. Nov. Gen. & Sp. 6: 54. 
pi. 523 .1823.— ? W. cochensis Hieron. Bot. Jahrb. 21: 310. 1895. 
A species ranging from southern Ecuador to the Cauca Valley 
of Colombia, distinguished by its small leaflets and short 
racemes, the flowers of which are clustered near the apex. 

Hieronymus likens W. cochensis to W. fagaroides H. B. K., 
but we are not able to distinguish it from W. microphylla. 
We have seen none of the numerous Stuebel collections cited 
as this by Hieronymus. 

Colombia: Cauca: Paramo de Buena Vista, Huila Group, 
Central Cordillera, 3000-3600 m., Pittier 1165 (N, Y). Paramo 
Las Delicias, Central Andes of Popayan, 2800-3600 m., Leh¬ 
mann B. T. 500 (Y).— Ecuador: Loja, 2800-3400 m., Andre 
K1008 (Y); Lehmann 4978 (N). 

16. W. stenocarpa sp. nov. Shrub or small tree; branchlets 
slender, sulcate, blackish-tomentose at extremities, the older 
parts glabrous; stipules soon deciduous; petioles 3-5 mm. long, 
ferruginous-tomentose; leaves compound, 1.3-2 cm. long., 
.8-1.2 cm. wide, 1-3-jugate; leaflets glabrous, bright green 
above, slightly paler beneath, crenate above middle, the ter¬ 
minal leaflet ovate or rhombic-ovate, 8-15 mm. long, 4-8 mm. 
wide, obtuse at apex, acute and sessile at base, sometimes 
auricled, the crenations about 5 per side, the lateral leaflets 
similar and smaller, 4-8 mm. long, 3-4 mm. wide, sessile or 
merged into the winged rachis; racemes axillary in pairs, 4-5 cm. 
long (including peduncles), the flowers in clusters of 2-4 (some¬ 
times solitary?), the pedicels filiform, about 3 mm. long, minutely 
strigose; calyx lobes ovate, 1-1.2 mm. long, acute, glabrous; 
stamens about 2.5 mm, long; capsule narrowly oblong, about 
3.5 mm. long, 1.3 mm. in diameter, glabrous; styles 1-1.5 mm 
long. 

Type, Hichcock 21518A, collected Sept. 7, 1923, between 
San Lucas and Ona, Province Loja, Ecuador, alt. 2200-3100 m., 
and deposited in the U. S. National Herbarium (no. 1,195,637). 

The size of the terminal leaflet and the elongate racemes 
readily differentiate W. stenocarpa from the two preceding 
species. From W, crenata , which it resembles in the general 
form of the leaves, it is distinguished by the leaves being much 
smaller and the racemes, although fully developed, much 
shorter. 

17. w, fagaroides H. B. K. Nov. Gen. & Sp. 6: 54.1823. 
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A widespread Andean species distinguished by its small leaflets, 
of which there are 3-8 pairs. 

Venezuela: Merida: Paramo Quirora, 2000 m., John 711 
(N,Y).— Colombia : Norte de Santander: Paramo de Santurban, 
towards Mutiscua, 3900 m., Killip & Smith 19590 (A, G, N, Y), 
Paramo de Romeral, 4000 m., Killip Smith 18656 (A, G, N, 
Y). Santander: Paramo de las Vegas, 3500 m., Killip & Smith 
15737 (A, G, N, Y). Western slope of Paramo Rico, 3500 m. s 



Fig. 1. Weinmannia fagar aides from the eastern slope of the Paramo de 
Santurban, Colombia. {Killip & Smith 19590). This dwarfed tree is a charac¬ 
teristic plant of the upper temperate zone in Colombia. 


Killip & Smith 17747 (A, G, N, Y). Paramo de Santurban, 
near Vetas, 3500 m. Killip Smith 17930 (A, G, N, Y). 
Cundinamarca: Eastern Paramos of Guasca, towards Gacheta, 
A riste Joseph 3109 (N). Caldas: Cerro Tatama, 3400 m M Pennell 
10537 (N) Ecuador iMoridino, Lehmann 4981 (N >Y). Azuay: 
Vicinity of Cumbe, Rose 22979 (N, Y). Cuenca, 3000Jm., 
Lehmann 6595 (N). Loja: Between San Lucas and 4 Oha, 
2200-3100 m., Hitchcock 21518 (N, Y). 
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IS. W. vegasana sp. nov. Tree 5 to 6 meters high; branch- 
lets, racem.es, and petioles ferruginous- or grayish-tomentose 
(becoming black), the hairs. 2-8 mm. long;petioles 3-5 mm. long; 
leaves 4-6-jugate, 3-5 cm. long, 1.5-2 cm. wide, the rachis 
short-tomentose above, hirsute below, especially at the nodes 
(hairs pale, .5-8 mm. long); leaflets ovate or oblong-ovate 
(terminal one slightly larger), 8-15 mm. long, 5-7 mm. wide, 
tightly revolute at margin, and shallowly crenate in upper half 
(crenations about 1.6 mm. apart), finely pilosulous above 
(hairs .3 mm. long, about 8 per sq. mm.), below pilose on the 
mid- and some of the secondary-nerves, otherwise glabrous or 
very minutely pilosulous, the axils of the teeth sometimes 
tufted-pilose; wings semi-ovate or semi-obovate, pubescent as 
the leaflets, 4-7 mm. long, 1-2 broad; racemes numerous, in 
pairs at apices of short branches, 6-9 cm. long, the floral leaves 
resembling the others but reduced to 1-2 cm. long, 2-3-jugate; 
fascicles about 4 per cm., 3-6-flowered; bractlets ovate-ob¬ 
long, about .8 mm. long, deciduous, pubescent; pedicels stout 
(about .3 mm. in diameter), 1-2 mm. long, sometimes up to 
3 mm,, loosely strigose with pale short hairs; calyx-lobes ovate, 
1-1.3 mm. long, acutish, pubescent with spreading hairs especi¬ 
ally at the apex; petals oblong, about 1.7 mm. long, usually short- 
ciliate (cilia 12-16 per mm.) reddish; stamens slender, about 3.8 
mm. long; ovary ovoid, about 1 mm. long, glabrous, or faintly 
pilose towards the apex; styles 1.8-2.4 mm. long, strigose -with 
pale short hairs (about .1 mm. long) on lower half, especially on 
inner surfaces. 

Type, Killip & Smith 15840 , collected Dec. 21, 1926, 
mountains east of Las Vegas, Dept. Santander, Colombia, alt. 
3000-3300 m., and deposited in the herbarium of the New York 
Botanical Garden (duplicates A, G, N). 

A -well-marked species distinguished by the pilose upper 
surface of its leaflets and their tightly revolute margins. 

19. W. platyptera Diels, Bot. Jahrb. 40: Beibl.91: 45. 
1907. Concerning this species, of which we have seen no speci¬ 
mens, Diels writes: ‘Species foliolis inaequalibus W. lentisci- 
'folia Presl peruvianae similis, sed alis majoribus atque pseudo- 
racemis multo longioribus floribundis recedit/ With the aid 
of the description *we separate this from other species of our 
region on the size of its terminal leaflet, which is much larger 
than the lateral leaflets. 

Ecuador: ‘in silvis subtropicis secus flum. Pilaton et ad 
Pangoa (Sodiro n. 442—Herb. Berol.)* 
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20. W. venezuelensis sp. nov. Shrub or small tree, the 
branches dark gray, glabrous, the branchlets densely rufo- 
hirsute; stipules subreniform, about 4 mm, long, 5 mm. wide, 
membranous, sparingly hirtellous or glabrous, soon deciduous; 
petioles 2-4 mm. long, wingless or rarely obscurely winged, 
densely hirsute; leaves 1.5-3.5 cm. long, 1-2 cm. wide, hirsutu- 
lous along rachis especially at articulations, glabrous above, 
glabrous or sparingly hirsutulous on nerves beneath, coriaceous, 
flat or occasionally the nerves impressed above, 3-6-jugate, 
the leaflets ovate, oblong, obovate, or subrhombic, 6-10 mm. 
long, 3-6 mm. wide (terminal subequal to lateral), obtuse or 
occasionally subacute at apex, acute at base, serrate with 4-7 
(rarely 3) serrations to aside, penninerved (midnerves prominent 
beneath, the lateral nerves 5-8 to a side, often obscure), the 
rachis winged, the wings semi-oblanceolate, 3-5 mm. long, 
.7-1.5 mm. (rarely up to 2 mm.) wide; racemes terminal in 
pairs, 2-5 cm Jong (including peduncle which is up to 1 cm. 
long), about 1 cm. wide at anthesis, up to 1.5 cm. wide in fruit, 
the fascicles crowded oh the raceme, 5-8-flowered, the pedicels 
2-2.5 mm. long, hirtellous; calyx-lobes ovate-lanceolate, .8-1.2 
mm. long, glabrous or minutely hirtellous towards apex; petals 
obovate, about 1 mm. long, .8 mm. wide, rounded; filaments 
1.3-1.5 mm. long, anthers globose, about .4 mm. in diameter; 
ovary lance-ovoid, glabrous; capsule ovoid, 2.5 mm. long, the 
persistent styles about 2 mm. long. 

Type, Pittier 6250, collected May 24, 25, 1913, in upper belt 
of Pico de Naiguata, Miranda, Venezuela, alt. 2400-2765 m., 
and deposited in the U. S. National Herbarium (no. 601,985), 
in fruit; duplicate Y. Description of the flowers is based upon 
Kuntze 1652 from Silla de Caracas, Venezuela (Y). Other speci¬ 
mens are: British Guiana: Mt. Roraima, Tate 383 (Y), 
Jenman 321 (N).— Venezuela: Sucre: Cerro de Turumiquire, 
2925 m., Tate 205 (N), 206 (N), Federal District: Silla de 
Caracas, 2500 m,, John 198 (N); Pittier 8349 (N). Falcon: 
Paraguana Peninsular, Curran & Human 688 (N, Y). Merida: 
Paramo del Molino, 2800 m., John 938 (N), 938a (N). 

This species is intermediate between W. fagaroides and W. 
caripensis. The leaves are much smaller than in W. caripensis , 
but the leaflets have, several more serrations to a side than in 
W. fagaroides. The inflorescence is more compact than in either 
of these. 

The shape and size of the leaves of this species agree with 
the description of W . Lansbergiana , but the ovaries of that 
species have a distinctly cinerous-pilose indument which per- 
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sists on the capsules. In Pittier’s 8349 , in flower only, there 
are a few hairs towards the tips of the ovaries, but it is doubtful 
if these persist in fruit.' 

21. W. caripensis H. B. K. Nov. Gen. & Sp. 6: 58. 1823. 
— W. glabra caripensis Engl. Linnaea 36: 614. 1869—70. W. 
nitida Hieron. Bot. Jahrb. 20: Beibl. 49: 23. 1895. W. nervosa 
Killip, Jour. Washington Acad. Sci. 16: 569. 1926. 

Venezuela: Federal District: Coastal Range, 1900 m., 
Pit-tier 8128 (N). Aragua: Colonia Tovar, 2000 m., Fendler 
518 (N, Y); Allart 481 (N, Y); Pit-tier 9253 (N, Y). Merida: 
Selva de Tafayes, 1800 m., Jahn 538 (N). Paramo Quirora, 
2000 m., Jahn 702 (N).— Colombia: Magdalena: Santa Marta, 
1500 m., II. II. Smith 1944 (Y), 1743 (N, type of W. nervosa; 
Y). Norte de Santander: La Isla, 2300 m., Killip Smith 
19809 (A, G, N, Y). Santander: Mesa de los Santos, 1500 
m., Killip & Smith 15105 (A, G, N, Y). Las Vegas, 2800 m., 
Killip fir Smith 15897 (A, G, N, Y), 15989 (A, G, N, Y). 
Cundinamarca: Fusagasuga, 2300 m., Triana (Y). Antioquia: 
Pingura, 1500 m., Lehmann 4635 (N, Y), type collection of 
W. nitida ). 

All of these specimens are characterized by slender spikes 
with flowers short-pedicellate. The petioles are noticeably longer 
than those of W. venezuelensis and are winged. The leaflets 
show considerable variation in outline, ranging from elliptic- 
lanceolate to broadly ovate. The terminal leaflet in nearly every 
case is acute, but the lateral leaflets vary from acute to strongly 
obtuse. The venation is obscure in the greater part of these 
specimens, although in the case of one Santa Marta plant 
(II. II. Smith 1743) and two of the Venezuelan plants it appears 
as a conspicuous pale network on the upper surface. 

W. caripensis may be merely a form of the West Indian W. 
pinnata L., as considered by some writers. However, all of our 
Jamaican material of this has the fascicles more loosely ar¬ 
ranged, the flowers longer-pedicelled, and capsules nearly twice 
as long. 

In the type specimen of W. nitida the pedicels are extremely 
short, but no constant differences are found to separate it. 

22. W. descendens Diels, Bot. Jahrb. 37:414. 1906. 

Type locality: Peru: Loreto: Moyobomba, 900 m., Weber- 

muer 4572 (B, type; N, photo)—E cuador: Loja: Between 
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Fig, 2, Weinmannia caripensis from the Mesa de ios Santos, Colombia. 
{Killip & Smith 15105). This is one of the commoner species of Weinmannia 
at middle elevation. 
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El Tam bo and La Toma, 1000-2200 m., Hitchcock 21365 (N, Y). 

This and the following species are characterized by their 
wingless petioles and slender spikes. 

23. W. stxjebelxi Hieron. Bot. Jahrb. 21: 309. 1905. 

Colombia: Santander: La Baja, 3000 m., Killip & Smith 

1S042 (A, G, X, Y).— Ecuador: ‘Andes', 2700 m Jameson 131 
00 * 

In the Colombian specimen the indument on the upper sur¬ 
face of the leaflets is more evident. 

24. W. multi juga sp. nov. Shrub or small tree, 2.5-6 m. 
high; branchlets rufo-hirsutulous, at length glabrescent; stip¬ 
ules rounded, reniform, 4-5 mm, long, 5-6 mm. wide, glabrous, 
hirtellous near margin; petioles 8-20 mm. long, stout, wingless, 
terete, densely hirsute-tomentose; leaves 7-16 cm. long, 3-6 
cm. wide, pilosulous along rachis especially at articulations, 
7-11-jugate (rarely 5-), the leaflets coriaceous, lustrous and con¬ 
spicuously reticulate-veined above, slightly paler beneath, 
minutely tomentellous on midnerve above, sparingly hirtellous 
on midnerve beneath, crenate-serrate or sharply serrate nearly 
to base (serrations 9-15 to a side), the terminal leaflet ovate- 
elliptic, obtuse or acutlsh at apex, acutish at base, the lateral 
leaflets oblong, nearly as large as the terminal, 1.5-3 cm. long, 
.8-1.4 cm. wide, rounded or occasionally acutish at base, sessile, 
wings between the leaflets semi-oblanceolate, 7-10 mm. long, 
2-5 mm. wide, glabrous; racemes terminal in pairs, 8-13 cm. 
long, 1.5-2 cm. wide in fruit; peduncles 1.5-2 cm. long; fascicles 
2-6-flowered, the bractlets cordate-ovate, about 1 mm. long, 
the pedicels slender, 3-6 mm. long, finely strigose; calvx-lobes 
ovate about 1 mm. long, obtuse, glabrous, sometimes puberulous 
at apex; stamens 2.5-3.5 mm. long; ovary globose-ovoid, glab¬ 
rous; capsule broadly ovoid, 2.8-3.5 mm. long, styles persistent, 
1.5-2 mm. long; seeds lance-ovoid, about 1 mm. long, with 
30-50 long crispate hairs. 

Type, Killip & Smith 20597 , collected Mar. 12, 1927, on 
the eastern slope of Paramo del Hatico, between Toledo and 
Pamplona, Dept. Norte de Santander, Colombia, alt. 2900 m., 
and deposited in the herbarium of the New York Botanical 
Garden. Duplicates A, G, N. Other specimens are: Venezuela : 
Merida: Selva de Tafayes, 2000 m., Jahn 537 (N, Y).— 
Colombia: Norte de Santander: between Pamplona and 
Toledo, 2800 m., Killip & Smith 19907 (A, G, N, Y), 20637 
(A, G, N, Y). Santander: Las Vegas, 2800 m., Killip &f Smith 
16134 (A, G, N, Y). 
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' The numerous leaflets and long pedicels distinguish this 
species from its near relatives. 

25. W. mariquitae Szyszy. Oesterr. Botan. Zeitschr. 40: 
41. 1890. We have not seen a specimen of this, which the author 
compares with W. sulcata Engl. From this it seems to be differ- 
entiated by the invariable presence of wings, more slender 
racemes, and smaller leaflets. The type is from Colombia, 
"prov. Mariquitae, Boqueron du Tolima, alt. 4000 m., Linden 
932, in Herb. Mus. pal. Vindd 

26. W. Engleriana Hieron. Bot. Jahrb. 20: Beibl. 49: 24. 
1895.—? W.hirtella H. B. K. Nov. Gen. & Sp. 6: 56.1823. W. 
guanacasana Hieron. Bot. Jahrb. 20: Beibl. 49: 25. 1895. We 
have not seen the type specimen of W. hirtella , or any of the 
collections cited as such by Engler or Hieronymus. The de¬ 
scription applies well to type material of W. Engleriana. 

W. guanacasana surely is conspecific with W. Engleriana. 
In discussing its relationship Hieronymus writes: ‘Species W. 
Englerianae Hieron. affinis, differt foliis 3-7-jugis, brevius 
petiolatis, foliolis minus crassis subplanis vel leviter sulcatis et 
argutius serratis, allis interfoliolaribus superioribus paulo lati- 
oribus, floribus paulo minoribus, brevius pedicellatis.’ Careful 
comparison of specimens of the type collections convinces us 
that the above differences, which exist in a minor and over¬ 
lapping degree, are purely individual and not of specific value. 

Colombia: Cundinamarca: Verjon, Ariste Joseph A95 (N). 
ElCauca: Rio Lopez, 2700 m., Pittier 1072 (N, Y). Paramo 
de Guanacas, 3200 m., Lehmann 5632 (N, type collection), 
6074 (N, type collection of W. guanacasana ), 6661 (N). 
Paramo de Moray, 3000 m., Lehmann 3765 (N). Mt. Purace 
3400 m., Pennell b* Killip 6521 (N, Y), <1525 (N, Y,) 6545 (N). 
Mt. Pan de Azucar, Pennell 7033 (N).— Ecuador: Penipe, 
MUle 63 (Y). 

27. W. sulcata Engler, Linnaea 36: 624. 1869-70. A 
species with the wings between the leaflets rudimentary in the 
lower part of the leaf, but well developed in the upper part. 

Not present in our material. The type Is from the Andes of 
Ecuador, Spruce 5410. 

28. W. Trianae Wedd. Chlor. And. 2: 211. pi 72. 1855. 
In this species the wings are all reduced to mere ridges along 
the rachis. 
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Colombia: Cimdinamarca: Quetame, Dawe 319 (N). 

29 . W. tomentosa L. f. Suppl. 227. 1763. A readily dis¬ 
tinguished species, showing almost no variation throughout 
its range. It appears to bear the same relationship to the pilose- 
ovaried group as W. fa gar o ides bears to those with glabrous 
ovaries. 

Venezuela: Trujillo: Paramo de Zumbador, 2600 m., 
JaJin 92 (N). Merida: Paramo Mucuchies, 3600 m., Bellard 
53 (Nj.— Colombia: Norte de Santander: Between Mutiscua 
and Pamplona, 3400 m., Killip & Smith 19707 (A,G,N,Y). 
Paramo del Hatico, 2900 m., Killip & Smith 20625 (A, G, N, Y). 
Santander: Mountains east of Las Vegas, 3300 m., Killip & 
Smith 15833 (A, G, N, Y). Vicinity of La Baja, 3500 m., 
Killip & Smith 18037 (A, G, N, Y). Paramo de las Puentes, 
above La Baja, 3600 m., Killip & Smith 18194 (A, G, N, Y). 
Eastern slope of Paramo de las Coloradas, above La Baja, 
3600 m., Killip Smith 18392 (A, G, N, Y). Cundinamarca: 
Bogota, 2900 m., Triana 2802 (Y); Holton 663 (Y); Dawe 147 
(N); Fennell 2368 (N, Y). Chipaque, 2800 m., A?idre 911 (Y). 
San Cristobal, Ariste Joseph A255 (N). Facatativa, 2700 m., 
Popenoe 1132 (N). 

30. W. pubescens H. B. K. Nov. Gen. & Sp. 6: 56. 1823. 
Venezuela: Merida: Paramo del Molino, 2600 m., John 

925 (N). Palmira, 2500 m., Jahn 536 (N).— Colombia: 
Antioquia: Las Minitas, south of Caldas, 2300 m., Pennell 
10935 (N, Y). Yarumal, 2000 m., Lehmann 7448 (Y). Santa 
Rosa, 2400 m., Lehmann 7457 (Y). Medellin, Toro 227 (N, Y). 
El Valle: El Saladito, above Cali, 1500 m., Pittier 753 (N). 
Caldas: Old Quindio Trail, 3100 m., Killip Hazen 9470 
(N, Y); Andre 2261 (Y). Salento, 2800 m. f Pennell 9301 (N). 
El Cauca: Tacueyo, Rio Palo Valley, 1800 m., Pittier 1048 
(N, Y). Coconuco, 2400 m., Killip 6860 (N, Y). Rio Sucio, 
1900 m., Pennell Killip 8194 (N). San Isidro, Purace, 
2100 m., Pennell & Killip 6427 (N). Morales, 1700 m., Pen¬ 
nell & Killip 8289 (N). Tolima: Rio Toche, Holton 664 (Y). 

30a. W. pubescens popayanensis (Hieron.) comb. nov. 
Described as a distinct species by Hieronymus in Bot. Jahrb. 
20: BeibL 49:26. 1895. It seems to differ from the preceding 
only in the narrower leaflets, a difference which examination of 
the type collection* does not cause us to believe specific. 
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Colombia: E! Cauca: Popayan, 1500-2000 m, t Lehmann 
2084 (N, type collection). 

31. W. Lansbergiana Engl. Linnaea 36: 628. 1869-70. 

Venezuela: Federal District: Galipan, Allart 155 (N,Y). 

The leaves of this specimen are slightly broader than in¬ 
dicated in the description of W. Lansbergiana , and the indument 
less dense. We refer the specimen to W. Lansbergiana rather 
than to W. caripensis , which superficially it more closely re¬ 
sembles, on the base of the densely cinereous-pilose ovaries. 
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BartoOy D. R. Origin and development of tissues in root of 
Schizaea rupestris, Bot. Gaz. 87: 642-652. /. 1-11. 21 

Je 1929. 

Beadle, G. W. Yellow stripe—a factor for chlorohyll deficiency 
in maize located in the Pr pr chromosome. Am. Nat. 63: 
189-192. Mr 1929. 

Becker, W* Viola fruticosa. Kew Bull. Misc. Inf. 1929: 121. 
1929. 

A South American plant. 

Berry E. W. Fossil plants and mountain uplift in the Pacific 
states. Proc. Nat. Acad. Sci. 15: 477-480. 15 Je 1929. 
Berry, E. W. A palm nut of Attalea from the Upper Eocene of 
Florida. Jour. Washington Acad. Sci. 19: 252-255./. 1,2. 
19 Je 1929. 

Blake, S. F. A new estuarine Bidens from Chesapeake Bay. 
Rhodora 31: 87-90./. 1 . 22 My 1929. 

Bidens mariana sp. nov. 

Blake, S. F. A new variety of Bidens Eatoni . Rhodora 31: 
100. 22 My 1929. 

Bodeker, F. Mamillaria Winteriae Bod. spec. nov. Monats. 
Deutsch. Kakteen-Gesell. 1: 119-120. Must. Je 1929. 

A Mexican plant. 

Bodeker, F. Mamillaria roseoalba Bed., sp. nova. Monats. 
Deutsch. Kakteen-Gesell. 1: 87-88. Must. Ap 1929. 

A Mexican plant. 

Bodeker, F. Mamillaria Zahniana Bod. u. Ritter, n, sp. 
Monats. Deutsch. Kakteen-Gesell. 1: 120-122. Must. Je 
1929. 

Bose, S. R. Artificial culture of Gatwderma lucidus Leyss 
from spore to spore. Bot. Gaz. 87: 665-667. /. L 21je 
1929. 

Bowen, R. H. Notes on the chondriosome-Hke bodies in the 
cytoplasm of Equisetum. Ann. Bot. 43: 309-327. pi. 5, 6. 
Ap 1929. 

Bradley, W* H. Algae reefs and oolites of the Green River 
formation. U. S. Geol. Surv. Prof. Paper 154-G: 203-223. 
pi. 29-48. |28^Mr 1929. 

Brame, J. W. Ferns of New Zealand. Am. Fern Jour. 19: 51- 
55. 21 My 1929. 
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Brandy A, Decas specierum novarum nona. Repert. Spec. 
Nov. 26: 168-172. 31 My 1929. 

New American species in several genera. 

Britton, N. L. Further studies in Porto Rico. Jour. N.Y. Bot. 
Card. 30: 101-105. My 1929. 

Burretj M. Neue und kritische Arten der Palmengattung 
Mauritia. Notizbi. Bot. Gart. Berlin 10: 565-574. 30 Mr 
1929. 

Three new species from Brazil and Colombia. 

Cain, S. A., & Priesner, R. C. Some ecological factors in second¬ 
ary succession: upland hardwood. I. Evaporation studies 
in the Sycamore Creek region. Butler Univ. Bot. Studies 
1: 1-15. Must. 1929; II. Soil reaction and plant distribu¬ 
tion in the Sycamore Creek region. Butler Univ. Bot. 
Studies 2: 17-28./. L My 1929. 

Carter, W, Ecological studies of curly top of sugar beets. 
Phytopathology 19: 467-477./. 1. My 1929. 

Carver, W. A. The inheritance of certain seed, leaf, and flower 
characters in Gossypium hirsutum and some of their genetic 
interrelations. Jour. Am. Soc. Agron. 21: 465-480. Ap 
1929. 

Castetter, E. F. Species crosses in the genus Cucurbiia. Iowa 
State Coll. Jour. Sci. 2: 219-227. Ap 1928. 

Cleland, R. E. Die Zytologie der Oenothera- Gruppe biennis 
in ihrem Verhaltnis zur Vererbungslehre. Tiibmger Natur- 
wiss. Abh. 12: 50-55. 1929. 

Collins, G. N., Flint, L. H., & Me Lane, J. W. Electric stimu¬ 
lation of plant growth. Jour. Agr. Res. 38: 585-600./. 1-5. 
1 Je 1929. 

Crist, J. W"., & Stout, G. J. Relation between top and root 
size in herbaceous plants. Plant Physiol. 4: 63-85. Ja 
1929. 

Crutchfield, C. L. X-ray photography of mineral accumula¬ 
tions in plants. Plant Physiol. 4: 145-154./. 1-6, Ja 1929. 

Dachnowski-Stokes, A. P. The botanical composition and 
morphological features of “Highmoor” peat profiles in 
Maine. Soil Sci. 27: 379-388. My 1929. 

Davies, P. A. Irreversible injury and C0 2 production from 
cells of Nitella flexilis . Bot. Gaz. 87: 660-664. 21 Je 1929. 
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Daytons W. A. Aconitum macilentum Greene. Bull. Torrev 
Club 56:. 211-212. pi 4 , “Ap” 13 Je 1929. 

DemereCj M. Cross sterility in maize. Zeitsch. Induk. Abst. & 
Vererbungsl. 50: 281-291./. 1-4. 1929. 

Benny* F. E. Chemical changes induced in potato tubers by 
treatments that break the rest period. Am. jour. Rot. 
16: 326-337. “My” 21 Je 1929. 

Dickson* J, G., & Holbert, J. R. The relation of temperature 
to the development of disease in plants. Am. Nat. 62: 
311-333./. 1-8. J! 1928. 

Bobbie, H. B. A forest of forked tree ferns. Am. Fern Jour. 
19: 41-44. illust, 21 My 1929. 

Bodge, B. O. Fungous diseases and insects in the rose garden. 

Jour. N, Y. Bot. Card. 30: 105-124./. 1-3 . My 1929. 
Bodge, B. O. The nature of giant spores and segregation of 
sex factors in Nenrospora . Mvcologia 21: 222-231./. 1-3. 
1 J1 1929. 

Burst, C. E. Inheritance in lettuce. Science II. 69: 553-554. 
24 My 1929. 

Emerson, R. Photosynthesis as a function of light intensity 
and of temperature with different concentrations of chloro¬ 
phyll. Jour. Gen. Physiol. 12: 623-639./. 1-3. 20 My 
1929. 

Emerson, R. The relation between maximum rate of photo¬ 
synthesis and concentration of chlorophyll. Jour. Gen. 
Physiol. 12: 609-622./. 1-3. 20 My 1929. 

Emerson, R. A. Genetic notes on hybrids of perennial teoslnte 
and maize. Am. Nat. 63: 289-300. J1 1929. 

Erianson, E. W. Cytologica! conditions and evidences for 
hybridity in North American wild roses. Bot. Gaz. 87: 
443-506." pi. 16-19+f. 1-4. 22 My 1929. 

Etter, B. E. New media for developing sporophores of wood-rot 
fungi. Mycologia 21: 197-203. pi. 14, 15. 1 J1 1929. 
Farr, W, K. Studies on the growth of root hairs in solutions. 
The pH molar-rate relation for Brassica oleracea in calcium 
sulphate. Proc. Nat. Acad. Sci. 15: 464-470. f. A, B. 
15 Je 1929. 

Fawcett, H. S. Nematospora on pomegranates, Citrus and 
cotton in California. Phytopathology 19: 479-482./. 1. 
My 1929. 
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Pernald, M. L. Four grasses"of eastern America. Rhodora 31: 
44 - 49 ./. U 2. 1 Mr 1929. 

[Contributions from the Gray Herbarium of Harvard University—No. 
83. III.] Glyceria arkansana and Poa gaspensis described as new species. 
Pocl labmdorica Fernald (p. 44) is P. labradorica Steudel (1854).—Rho¬ 
dora 31 : 78. 

Pernald, M. L. Polygonella articulata (L). Meisn., forma atro- 
rubens . Rhodora 31: 106. 5 Je 1929. 

Pernald, M. L., & Bracket* A. E. The representatives of Eleo- 
charis palustris in North America. Rhodora 31: 57-77. 
pi. 181-184. 10 Ap 1929. 

[Contributions from the Gray Herbarium of Harvard University— 
No. 83. IV.] Eleocharis perlonga and E. xyridiformis spp. nov. and two 
new varieties described. 

Ficke, C. H., & Melchers, L. E. The effect of the digestive 
processes of animals on the viability of corn and sorghum 
smut spores. Jour. Agr. Res. 38: 633-645. 1 Je 1929. 
Freeman* W. G., & Williams* R. O. The useful and ornamental 
plants of Trinidad and Tobago. Mem. Dept. Agr. Trini¬ 
dad & Tobago 4: 1-192. 1928. [2nd edition-revised.] 
Priesner, R. C. The genus Trillium in Indiana. Butler Univ. 

- Bot. Studies 3: 29-40. My 1929. 

Garber, R. J., & Hoover, M. M. Natural crossing between oat 
plants of hybrid origin. Jour. Agr. Res. 38: 647-648. 
1 Je 1929. 

Gardner, M. W. Sporotrickum fruit spot and surface rot of 
apple. Phytopathology 19: 443-452. pi. 8-10. My 1929. 
Gilbert, F A. Factors influencing the germination of myxomy- 
cetous spores. Am. Jour. Bot. 21 : 280-286. f. 1. “My” 
21 Je 1929. 

Goodspeed, T. H. Cytological and other features of variant 
plants produced from x-rayed sex cells of Nicotiana 
Tabacum . Bot. Gaz. 87: 563-582./. 1-1L 21 Je 1929. 
Goodspeed, T. H., & Avery, P. The occurrence of a Nicotiana 
glutinosa haplont. Proc. Nat. Acad. Sci. 15:502-504. 
/. 1. 15 Je 1929. 

Gordon, R. B* Suggested equations for the photosynthetic 
. reaction. Ohio Jour. Sci. 29: 131-132, 15 My 1929, 

Haas, A* R. C. Mottle-leaf in Citrus artificially produced by 
lithium. Bot. Gaz. 87: 630-641./. 1-4. 21 Je 1929. : 
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Haas, A, R. C., & Halma, F. P. Chemical relationship between 
scion and stock in Citrus . Plant Physiol. 4: 113-121./. 1. 
I a 1929. 

Haber, E. S. Catalase and oxidase of the tomato as influenced 
by the soil reaction. Iowa State Coll. jour. Sci. 3: 29-39. 
11 0 1928” F 1929. 

Hanna, W. F. Studies in the physiology and cytology of 
Ustilago Zeae and Sorosporium Reilianum. Phytopathology 

19: 415-442. pi. 7+/. 2-3. My 1929. . 

' Harlan, H. V., &• Martini, M. L. A composite hybrid mixture. 

Jour. Am. Soc. Agron. 21: 487-490. Ap 1929. 

Harris, J. A., Harrison, G. J., & Lockwood, E. K. A criterion 
of the differentiation of varieties or of experimentaljjareas 
with respect to their capacity to produce seedling stands of 
cotton. Jour. Agr. Res. 38: 601-621./. 1-7. 1 Je 1929. 
Harshberger, J* W. A botanist in Corsica—the scented isle. 
Bull. Geogr. Soc. Philadelphia 27: 243-255. /. 1-4 . 

"Jl” Je 1929. 

Harshberger, j* W. Facilities in Brazil, Argentina, Chili and 
Peru for botanical investigation and travel. Sci. Monthly 
29: 144-153. Must. Au 1929. 

Harshberger, J. W. The vegetation of the screes, or talus slopes 
of western North America. Proc. Am. Philos. Soc. 68: 
13-25. f. 1-7. My 1929. 

Hartzell, A. Tolerance of different species and varieties of plants 
to naphthalene vapor. Jour. Econ. Entomol. 22: 354-359. 
Ap 1929. 

Harvey, R. B. Julius von Sachs. Plant Physiol. 4: 155-157. 
pl 3+/. L Ja 1929. 

Haynie, N. V. Two new plant records for the Chicago region. 
Rhodora 31: 99. 22 My 1929. 

Hill, J. B. Matrocliny in flower size in reciprocal F x hybrids 
between Digitalis lutea and Digitalis purpurea. Bot, Gaz. 
87: 548-555./. 1-3. 22 My 1929. 

Holm, T. Vegetative reproduction in Hydrangea . Rhodora 
31:120, 5 Je 1929. 

Hottes, C. F. Studies in experimental cytology. Plant Physiol. 

4: 1-30. pl 1+f . 1-4. Ja 1929. 

Hoover, M. M. Wheat-rye hybrids. Jour, Heredity 20:171. 
/. 14. Ap 1929, 
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Howard N. O. A new disease of Douglas fir. Science II. 
69 : 651 - 652 . 21 Je 1929. 

Howitt, J. E., Sands, D. R., & Jones, D. H. Fungus and bac¬ 
terial diseases of vegetables. Ontario Dept. Agr. Bull. 
345 : 1 - 64 . illust. My 1929. 

Hoyt, W. D. The periodic fruiting of Diciyota —an acquired 
character? Am. Nat. 62: 546-553. N 1928. 

Johnston, C. O. The occurrence of strains resistant to leaf 
rust In certain varieties of wheat. Jour. Am. Soc. Agron. 
21: 568-573. My 1929. 

Johnston, E. S., & Bore, W. H. The influence of boron on the 
chemical composition and growth of the tomato plant. 
Plant Physiol. 4: 31-62./. 1-9. Ja 1929. 

Kenoyer, L. A, General and successional ecology of the lower 
tropical rain-forest at Barro Colorado Island, Panama. 
Ecology 10: 201-222./. 1-8. Ap 1929. 

Killip, E. P. New plants mainly from western South America. 
II. Jour. Washington Acad. Sci. 19: 191-195. 19 My 1929. 

Describes new species in Urtica (1), Escallonia (1), Tropaeolum , (5) 
Loasa (1), and Tournefortia (1). 

Kittridge E. M. A new maidenhair. Am. Fern. Jour. 19: 
56./. 4. 21 My 1929. 

Adianium pedaium, forma Billingsae. 

Kostoff, IX, & Kendall, J. Irregular melosis in Lycium kalimi- 
folium Mill, produced by gall mites (Eriophyes). Jour. 
Genetics 21: 113-115. pi 11. 29 Ap 1929. 

Kupper, W. Cereus Trollii n. spec. Monats. Deutsch. Kakteen- 
Gesell. 1: 96-98. Must. My 1929. 

Lachmund, H. G. Cronartium Comptoniae Arth. in western 
North America. Phytopathology 19: 453-466. /. 1. My 
1929, 

Laibach, F. Ectogenesis in plants. Methods and genetic pos¬ 
sibilities of propagating embryos otherwise dying in the 
seed. Jour. Heredity 20: 201-208./. 4-12. My 1929. 
Lepeschkin, W. W. The causes of ephemery of flowers. Am. 

' Jour. Bot. 16: 314-325. “My” 21 Je 1929. 

Lindstrom, E. W. Linkage of qualitative and quantitative 
genes in maize. Am. Nat. 63: 317-327. J1 1929. 

Link, G. K. K., Edgecombe, A. E., & Godkin, J. ■ Further 
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agglutination tests with phytopathogenic bacteria. Bot. 
Gaz. 87: 531-547. 22 My 1929. 

Lloyd, F. E. The mechanism of the water tight door of the 
Utricularia trap. Plant Physiol. 4: 87-102. pi. 2 +/. 1-5. 
Ja 1929. 

Maass, C. A. Opuntia crinifera Pfeiffer. Succuienta 11: 82-83. 
My 1929. 

A Mexican plant. 

Me Clintock, B. A 2 n — 1 chromosomal chimera in maize. 

Jour. Heredity 20: 218. f. 20. My 1929. 

Mackenzie, K. K. The generic name Radicula. Rhodora 31: 
119. 5 Je 1929. 

Mackenzie, K. X. Type of the genus Jatropha. Bull. Tor rev 
Club 56: 213-215. “Ap” 13 Je 1929. 

Mangelsdorf, P. C. The relation between length of styles and 
Mendelian segregation in a maize cross. Am. Nat. 63: 
139-150. Mr 1929. 

Martin, G. W. Three new Dinoflagellates from New Jersey. 

Bot. Gaz. 87 : 556-558./. 1-12. 22 My 1929. 

§ 

Prorocentrum triamgulatum , Amphidi?iium fusiforme and Polykrikos 
barnegatensis, spp. nov. are described. 

Martin, T. L. The effect of sweet clover and alfalfa roots and 
tops on the fungous flora of the soil. Soil Sci. 27: 399-405. 
My 1929. 

Maxon, W. R. A diminutive new hollyfern from Ecuador. 
Jour. Washington Acad. Sci. 19: 197-199. /. 1. 19 My 

1929. 

Polystichum pumilio sp. nov. 

Maxon, W. R. A singular new Dryopteris from Colombia. 
Jour. Washington Acad. Sci. 19: 245-247./. 1. 19 Je 1929. 

Dryopteris cornuta sp. nov. 

Melchior, H. Rinorea Lindeniana , eine verkannte Violaceen- 
Art des tropischen Stidamerika. Notizbl. Bot. Gart. 
Berlin 10: 544-550. 30 Mr 1929. 

Merrill, S.» Jr. Pear growing with selected buds. Jour. Heredity 
20:213-217 .f. 17-19. My 1929. 

Meyer, B. S. Some critical comments on the methods employed 
in the expression of leaf sap. Plant Physiol. 4: 103-112. 
/. 1. Ja 1929. 
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Miller, P. A. A disease of Lippia caused by Sclerotium Rolfs ii 
Sacc. Phytopathology 19: 509-510./. 2. My 1929. 
Molfino, J. P* Nuevas adiciones a la flora fanerogamie ad- 
venticla de la Argentina. Rev. Fac. Agron. Univ. Nac. La 
Plata 18: 139-156./. 1-4. D 1928. 

Monteith, J. Jr., & Hollowell, E. A. Pathological symptoms 
in legumes caused by the potato leaf hopper. Jour. Agr. 
Res. 38: 649-677. pi 1+f. 1-13 . 15 Je 1929. 

Mounce, I. Studies in forest pathology II. The biology of 
Pomes pinicola (Sw.) Cooke. Canada Dept. Agr. Bull. II. 
3: 1-74. pi. 1-10. 1929. 

Mousley, H, Notes on the birds, orchids, ferns and butterflies 
of the Province of Quebec, 1928. Canadian Field Nat. 
43:93-99. My 1929. 

Munz, P. A., & Hitchcock, C. L. A study of the genus Clarkia , 
with special reference to its relationship to Godetia . Bull. 
Torrey Club 56: 181-197. “Ap” 13 Je 1929. 

Mebel, B. R. Chromosome counts in Vitis and Pyrus. Am. Nat. 
63:188-189. Mr 1929. 

Nelson, D. H. The isolation of some nitrifying organisms. 
Iowa State Coll. Jour. Sci. 3: 113-174. pi. 1-10 . “Ja ?> 

1929. 

Nolla, J. A. B. La enfermedad pata-prieta del tobaco. Rev. 

Agr. Puerto Rico 22: 150-151. Ap 1929. 

Peto, F. H. Chromosome numbers in the Agropyrons. Nature 
124: 181-182./. 2. 3 Au 1929. 

Platz, G. A. Some factors influencing the pathogenicity of 
Ustilago Zeae (Beckm.) Linger. Iowa State Coll. jour. 
Sci. 3: 177-124. pi. 1-9 . “Ja” 1929. 

Purdy, H. A. Immunologic reactions with tobacco mosaic 
virus. Jour. Exp. Med. 49: 919-935. 1 Je 1929. 

Rahil, O, Contributions to the classification of bacteria. 

Zentralb! Bakt. 2 Abt. 78: 1-21./. 2. 27 My 1929. 
Record, S. J* Walnut woods—true and false. Trop. Woods 
18:4-29. 1 Je 1929. 

Riker, A. J,, Keift, G. W., & Banfield, W. M. A progress 
report on the control of crown gall, hairy root, and other 
malformations at the unions of grafted apple trees. Phyto¬ 
pathology 19: 483-486. My 1929. 

Ringuelet, E. J. Anatomia comparada de algunas gramineas 
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Argentinas. Datos histologicos y etologicos de la hoja. 
Rev. Fac. Agron. Univ. Nac. La Plata 18: 157-179./. 1-7. 
D 1928. 

Robbins, C. A. The identity of Cladonia lepidota Fries. Rhodora 
31: 101-106. pi. 187 . 5 Je 1929. 

Includes description of Cladonia simulata sp. nov. 

Robbins, W. J., & Rickett, H. W. Botany, a textbook for 
college and university, i-xxiii, 1-535./. 1-384. New York, 
D. Van Nostrand Company, 1929. 

Roig y Mesa, J. T. Diccionario botanico de nombres vulgares 
Cubanos. Est. Exp. Agron. Santiago de las Vegas Bob 
54: 1-247. F 1928; Part II. 249-598. F 1928; Part III. 
599-897. F 1928. 

Rosendahl, C. O. A revision of the genus Sullivantia . Minne¬ 
sota Stud. Biol. Sci. 6: 401-427. pi 38-43 +/. 2 , 2. je 
1927. 

Sandwith, N. Y. Casselia rosularis. Kew Bull Misc. Inf. 1929: 
124-125. 1929. 

A Brazilian plant. 

Sandwith, N. Y. Cephalostemon microglochin . Kew Bull. 

Misc. Inf. 1929: 125-126. 1929. 

A plant from Brazil. 

Sandwith, N. Y. Geranium azorettoides. Kew Bull. Misc. 
Inf. 1929:T21-122. 1929. 

A plant from Colombia. 

Sandwith, N. Y. Notes on Trinidad plants. Kew Bull. Misc. 
Inf. 1929: 75-81. 1929. 

Sandwith, N. Y. Sckoepfia velutina . Kew Bull. Misc. Inf, 
1929: 122-123. 1929. 

A Brazilian plant. 

Saunders, W. E. Ferns by the Georgian Bay. Am. Fern. Jour. 
19: 49-51. 21 My 1929. 

Schaffner, J, H. Additions to the catalog of Ohio vascular 
plants for 1928. Ohio Jour. Sci. 29: 81-92, “Mr” 30 Ap 
1929. 

Schaffner, J. EL Progeny resulting from self-pollination of 
staminate plant of Moms alba showing sex reversal. Bot. 
Gaz. 87: 653-659. 21 Je 1929. 
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Sehertz, F. M. Seasonal variation of the chloroplast pigments 
in several plants on the Mall at Washington, D. C. Plant 
Physiol. 4: 135-139. Ja 1929. 

Schulz, O. E. Amerikanische Cruciferen verschiedener Her- 
kunft. Notizbl. Bot. Gart. Berlin 10: 558-564. 30 Mr 

1929 . 

Includes descriptions of Catadysia and Grammosperma , gen. nov. and 
of several new species in various genera. 

Setchell, W. A. The genus Microdictyon. Univ. Calif. Publ. 

Bot. 14: 453-588./. 1-105. 19 xAp 1929. 

Setchell, W. A. Morphological and phenological notes on 
Zostera marina L. Univ. Calif. Publ. Bot. 14:389-452. 
/. 1-59. 19 Ap 1929. 

Seymour, A. B. Host index of the fungi of North America. 

I-xiii, 1-732. Cambridge, Harvard Univ. Press, 1929. 
Shaw, M. F. A microchemical study of the fruit coat of 
Nelumbo intea. Am. jour. Bot. 16: 259-276. pi. 19 , 20 + 
/. i, 2. “My” 21 Je 1929. 

Shirley, H. L. The influence of light intensity and light quality 
upon the growth of plants. Am. Jour. Bot. 16: 354-390. 
pi. 28-32 +/. 1-18. “My” 21 Je 1929. 

Shull, C. A. A spectrophotometric study of reflection of light 
from leaf surfaces. Bot. Gaz. 87: 583-607./. 1-10. 21 Je 
1929. 

Shunk, I. V. Microbiological activities in the soil of an upland 
bog in eastern North Carolina. Soil Sci. 27: 283-303. 
f. 1-3. Ap 1929. 

Sideris, C. P-, & Paxton, G. E. A new species of Mortierella . 
Mycologia 21: 175-177. pi. 12. 1 J1 1929. 

Mortierella elasson sp. nov. 

Sinnott, E. S. Botany: principles and problems, 2d ed. i-xxi, 
.1-441. /. 1-269. New York, McGraw-Hill Co., 13 jl 
1929. 

Skutch, A. F. Early stages of plant succession following forest 
fires. Ecology 10: 177-190. pi. 3-5. Ap 1929. 

Smith, J* R. Tree crops: a permanent agriculture, i-xii, 1-333. 

/. 1-36. New York, Harcourt, Brace & Co., Ja 1929. 
Sohrens, J. Uber einen Echinocactus , der in selbstgeschaffenen 
Erdlochern wachst. Monats. Deutsch. Kakteen-Gesell. 
1; 122-127. illust. Je 1929. ■ 
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Echinocactus Aspillagai sp. now 

Stahl, C. F., & Fans, J. A. The behavior of the new P 0 J 
canes in relation to sugar cane mosaic in Cuba. Trop. 
Plant Res. Found. Bull. 9: 3-12./. 1-4. 1929. 

Staxidley, P. C. Four new trees from British Honduras. Trop. 
Woods 18: 30-32. 1 je 1929. 

Stanton, E. N., & Benny, F. E. Forcing dormant woody 
plants with chemical vapors. Florist's Exch. 70: 11, 15, 36. 
9 Mr 1929. 

Stebbins, G. L., Jr. Further additions to the Mt. Desert flora. 

Rhodora 31: 81-87. pi 185-186 . 22 My 1929. 

Stewart, G., & Price, H. Inheritance studies in Sevier X 
Odessa wheat cross. Jour. Am. Soc. Agron. 21: 493-512. 
My 1929. 

Stewart, G., & Tingey, D. C. A genetic recombination for the 
expression of awns in wheat. Am. Nat. 62:532-539. 
/. 2. N 1928. 

Svenson, H. K. An thesis in Spartina cy nosuroides . Rhodora 
31:99-100. 22 My 1929. 

Svenson, H. K. Chamaecy pans thy aides in New Hampshire. 

Rhodora 31: 96-98. 22 My 1929. 

Swailen, J. R. A new species of Aristida from Florida. Jour. 
Washington Acad. Sci. 19: 195-197./. 2. 19 My 1929. 

Aristida rhizomophom sp. now 

Swift, M. E, Contributions to a mycological flora of local 
soils. Mycologia 21: 204-221. pi 16-19. 1 JI 1929. 
Chaetomium subterraneum & Trickurus terrophilus, spp. now are described. 
Taylor, W. R. Notes on the marine algae of Florida. Bull. 
Torrey Club 56: 199-210. /. 2, 2. “Ap” 13 Je 1929. 

Hydrocoleum penicillatum described as a new species. 

Tiffany, L. H. A key to the species, varieties, and forms of the 
algal genus Oedogonium. Ohio Jour. Sci. 29: 62-80. 
“Mr” 30 Ap 1929. 

Toro, R, A. El concepto taxonomico de los Perisporales. Bob 
Soc. Colombiana Cien. Nat. 18: 10-13. Mr 1929. 

Traufo, H. P., & others. Storage of truck crops: the girasole, 
Helianthus tuberosus . Plant Physiol. 4: 123-134. /. 1-4. 
Ja 1929. 

Trelease, W. Lindeniopiper, a generic segregate from Piper. 
Proc. Am. Philos. Soc. 58: 53-54. My 1929. 



390 


BULLETIN OF THE TORREY CLUB 


[VOL. 56 


Yalleau, W. D., & Fergus, E« N. Black stem disease of alfalfa, 
sweet clover and red clover. Phytopathology 19:507- 
509. My 1929. 

Victoria Marie- (Frere). Deux Epibiotes remarquable de la 
Minganie. Contr. Lab.-Bot. Unix. Montreal 12: 163-176. 
pi. 1—4. 1928. 

Victoria, Marie- (Frere). Dynamisme dans la flora du Quebec. 
Contr. Lab. Bot. Univ. Montreal 13: i-x, 1-89./. 1-42. 
1929. 

Weatherby, G. A., Knowlton, C. H., & Bean, R. C. Seventh 
report of the Committee on floral areas. Preliminary lists 
of New England plants—XXXII. Rhodora 31: 106-118. 
5 Je 1929. 

Webber j J. M. A smear method for the study of chromosomes 
in microsporogenesis. Univ. Calif. Publ. Bot. 14: 345-352. 
28 F 1929. 

Webster, J. E. Effects of storage on alcoholic extracts of plant 
tissues. Amino acid changes. Plant Physiol. 4: 141-144. 
/. 1 . Ja 1929. 

Wells, B. W. A new pvxie from North Carolina. Jour. Elisha 
Mitchell Sci. Soc. 44: 238-239. pi, 9. Ap 1929. 

Pyxidanthera brevijolia sp. nov, 

Wentz, J. B., & Goodsell, S. F. Recessive defects and yield 
in corn. Jour. Agr. Res. 38: 505-510. 1 My 1929. 

Wiggins, I. L. Four new plants from San Diego County, 
California. Contr, Dudley Herb. Stanford Univ, 1: 99-102. 
pi. 7-9. 20 My 1929. 

Wynd, F. L. The ferns of the Crater Lake National Park. 

Am. Fern Jour. 19: 37-41. 21 My 1929. 

Young, P. A. Tobacco witches'* broom. A preliminary report. 

Am. Jour. Bot. 16: 277-279. pi. 21. “My” 21 Je 1929. 
Zeirner, M. &., & Humphrey, H. B. Smuts and rusts produced 
in cereals by hypodermic injection of inoculum. Jour. 
Agr. Res. 38: 623-627./. 1. 1 Je 1929. 




Studies on the flora of northern South America—XIII. The 
Tate collection from Mount Roraima and vicinity 1 

H. A. Gleason 

Since its first partial exploration by Schomburgk nearly 
a century ago, Mount Roraima and the region about it has been 
known for its remarkably rich flora and high development of 
endemism. Although the mountain stands a comparatively 
short distance from the coast of British Guiana on the north 
and from the navigable waters of the Rio Branco on the south, 
access to the locality has always been a matter of considerable 
difficulty, and botanical exploration is still by no means com¬ 
plete. 

After the Quelch and McConnell expeditions to the moun¬ 
tain in 1894 and 1898, Brown discussed the botanical history, 
geology, flora, and phytogeography of the region and reference 
to his paper is recommended for information on all of these 
subjects. 2 Since that time apparently only two botanical col¬ 
lections have been made from the summit. E. Ule spent seven 
weeks on the slopes of the mountain in December, 1909, and 
January, 1910, and made four ascents to its summit. His col¬ 
lections included a considerable number of undescribed species. 

G. H. H. Tate, of the American Museum of Natural His¬ 
tory, conducted a zoological expedition to Mount Roraima in 
the winter of 1927 and 1928, and the collections of botanical 
material which he made incidentally form the subject of this 
paper. These collections as received by the New York Botanical 
Garden include 515 numbers, of which the first 149 were made 
on the savannas and accompanying marshes of extreme nor¬ 
thern Brazil, 127 on the lower slopes of Roraima below 5000 
feet altitude, 153 on the upper slopes and ledges of the mountain, 
and 86 on the summit, plateau. Notwithstanding the difficulty 
in preparing material, caused by the tedious transportation of 
supplies and the humid climate, the whole series' is" ample in 

1 Contributions from The New York Botanical Garden,, No. 313, 

2 Brown N. E. Report on two botanical collections made by Messrs.' 
F. V. McConnell and J. J. Quelch at Mount Roraima in British Guiana. 
Trans. Linn. Soc. Bot. II. 6: 1-107. pi. 1-14.1901. 

[The Bulletin for October (56: 339-390) was issued 7 November 1929.] 
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quantity, excellent in quality, and generally in good condition 
for study, and it forms a notable addition to the meager repre¬ 
sentation of this flora in American herbaria. 

In identifying the collection, I have had the advantage of 
comparison with the older Roraima material in the herbarium 
of the Royal Botanic Gardens at Kew. Here are found the 
original sets of Schomburgk, Appun, Im Thurn, and Quelch and 
McConnell, including the types of the numerous species dis¬ 
covered by them, and an almost complete set of the later col¬ 
lections of Ule. I have also had for certain groups the assistance 
of several American specialists, including Oakes .Ames (Orchi- 
daceae), J. H. Barnhart (Lentibulariaceae), S. F. Blake 
(Carduaceae, Polygalaceae), N. L. Britton (Cyperaceae, Mimo- 
saceae), Carl Epling (Labiatae), A. S. Hitchcock (Gramineae), 
E. P. Killip (Boraginaceae, Passiflora, Weinmannia , Viburnum ), 
W. R. Maxon (Pteridophyta), F. W. Pennell (Scrophularia- 
ceae), B. L. Robinson (Eupatorieae), P. A. Rydberg (Cardua- 
ceae), A. C. Smith (Pteridophyta, Weinmannia , Viburnum ), 
L. B. Smith (Bromeliaceae), P. C. Standley (Ficus, Rubiaceae), 
and Percy Wilson ( Phytolacca , Jussiaea ). 

Lack of space prevents the printing of a complete list of the 
collection, which includes more than four hundred species, and 
I give below merely diagnoses of several hitherto undescribed 
species, a few nomenclatorial changes, and occasional informa- 
tory notes. These have in several cases been prepared by one 
or another of the botanists named above. The article concludes 
with a list of additions to the known flora of the higher altitudes 
of Mount Roraima. 

1. NEW OR NOTEWORTHY SPECIES 

DjCHRQ'MENA sp. A species apparently without a name; it 
was distributed in the Spruce collections as Fsilocarya mono - 
stachya . On mud where water is receding, Limao, extreme nor¬ 
thern Brazil: no. 73. 

Xyris decussata Gleason, n. sp. Section Nematopus: 
caulescent, the strongly distichous leaves inserted about 6 mm. 
apart; sheaths strongly compressed, sharply carinate, dark 
chestnut-brown, 6-8 mm. wide at base, 4-6 cm. long, the mar¬ 
gins entire, the carina ciliate above, entire below: blades linear, 
3-5 mm. wide, 5-8 cm. long beyond the sheath, obtuse or 
rounded, silvery-green, finely many-nerved, densely ciliate 
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with dark brown hairs; scapes strongly flattened and 2-edged, 
somewhat twisted, 25-45 cm. tall, sheathed at base with a 
nearly bladeless leaf, entire below, densely ciliate above; 
heads subglobose, 9-12 mm. long; bracts all obtuse or rounded, 
not carinate, reddish-brown, the dorsal area none or indistinct, 
the lowest 2 mm. long and ovate-lanceolate, the inner progres¬ 
sively larger and as much as 6 mm. long and 4 mm. wide, the 
outermost 6-8 pairs sterile and decussate, forming 4 vertical 
rows of 3-4 bracts each, the upper bracts spiral and fertile; 
lateral sepals 7 mm. long, narrowly oblong, acute, nearly 
equilateral, the margins subhyaline, the keel minutely fim¬ 
briate on the distal half; corolla and stamens not seen: capsule 
obovoid, loculicidal, 5 mm. long. 

Type, Tate 427 , collected on the summit of Mount Roraima, 3 
British Guiana, 26 Nov. 1927, and deposited in the herbarium 
of the New York Botanical Garden. In its strongly caulescent 
■habit it is reminiscent of X. witsenioides Oliver, from which it 
differs in its ciliate leaves and scapes and decussate bracts. 
Its affinities seem to be rather with X. spectahilis Mart, and its 
relatives, constituting a small group on the campos of southern 
Brazil. These also have ciliate leaves and sterile lower bracts, 
but are regularly much larger in all dimensions and have spirally 
imbricate bracts throughout. 

Xyris submontana Gleason, n. sp. Section Nematopus: 
cespitose; leaves distichous, the sheaths sharply carinate, 
1-2 cm. long, the blades narrowly linear, 7-13 cm. long, 2-3 
mm. wide, acuminate to a subulate tip, glabrous; scapes 4-6 
dm. tall, very slender, slightly flattened, the basal sheath about 
10 cm. long, nearly bladeless; heads subglobose, 8-10 mm. high; 
outer bracts broadly ovate, 4 mm, long, the distal margin scar- 
ious and lacerate; principal bracts with a firm, brow r n, broadly 
cuneate-obovate body 5-6 mm. long, terminated distally by a 
scarious lacerate margin 2-3 mm. long, the dorsal area not differ¬ 
entiated; lateral sepals obtuse, broadly spatulate or narrowly 
obovate, 3.5-4 mm. long, 1,2 mm. wide, the thin membranous 
margins nearly equilateral, the keel finely but conspicuously 
and rather densely ciliate over nearly its whole length. 

Type, Tate 334, collected in Philipp Swamp, Mount Roraima, 
British Guiana, alt. 5100-5200 ft., 11 Nov. 1927, and deposited 

3 The small area on the summit of Mount Roraima is shared by Brazil, 
Venezuela, and British Guiana, and the dividing line between them has not 
been accurately located. All species mentioned in this article from the summit 
and slopes of the mountain have been credited to British Guiana as a matter 
of convenience. 
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in the herbarium of the New York Botanical Garden. Its re¬ 
lation seems to be with X. concinna N. E. Brown, another 
Roraima species, which it resembles in its broadly scarious- 
margined bracts. It differs, however, in its general size, the 
leaves being nearly twice as long and wide and the scape three 
times as tall as in X. concinna , and in the shape of its lateral 
sepals, those of X. concinna being 5-6 mm. long and less than 
1 mm,, wide. 

Syngonanthus biformis Gleason, new comb. ( Paepalanthus 
bifonnis N. E. Brown.) This endemic species is undoubtedly 
a Syngonanthus , as already recognized by Ruhland. In this 
recent monograph he united it with S . simplex (Miq.) RuhL, 
from which it is abundantly distinct. At the edge of water, 
FreehaL extreme northern Brazil: no . 21; also from above 5000 
ft. on Mount Roraima: without number. 

Syngonanthus glandulosus Gleason, n. sp. Leaves linear, 
spreading or recurved, about 10 mm. long, 1.5 mm. wide, 7- 
nerved, finely puberulent beneath, conspicuously pubescent 
with appressed hairs above, from a densely lanate stem; 
peduncles 7-11 cm. long, glandular-pubescent with hairs 0.4- 
0.5 mm. long, roundly 3-costate, lightly twisted; sheaths twisted, 
about 1 cm. long, thinly hirtellous, terminating in an ovate- 
lanceolate acuminate lamina 5 mm. long, the sides meeting in 
a rounded sinus;.heads hemispheric, about 7 mm. in diameter; 
outer bracts imbricate, the inner progressively longer, scarious, 
glabrous, lanceolate to elliptic oblong, sharply acute, as much 
as 3 mm. long by 1.1 mm, wide; subtending bracts none; 
receptacle villous; staminate flowers: pedicels 0.6 mm. long; 
sepals rhombic-elliptic, 1.8 mm. long, 0.7 mm. wide, more or 
less naviculate, sharply acute or acuminate, not falcate, gla¬ 
brous, the posterior a trifle shorter and narrower; petals united 
into an obcomic tube 0.5 mm. long with 3 very short lobes; 
pistillate flowers: pedicels 0.2 mm. long; sepals ovate-lanceolate, 
2.2 mm. long, 0.6 mm. wide, acuminate, hyaline, glabrous; 
petals narrowly cuneate-obovate, separate and densely pu¬ 
bescent below, connate about the middle, the lobes involute 
and tangled; pistil just equaling the corolla, the ovary 0.6 mm. 
long, the terete style, filiform simple stigmas, and filiform ca¬ 
pitate appendages each 0.3 mm. Iqng. 

Type, Tale 345 , collected at. Philipp Swamp, in the Roraima 
district of British Guiana, alt. 5100-5200 ft., 11 Nov. 1927, and 
deposited in the herbarium of the New York Botanical Garden. 
The plant consists of a number of short erect stems which are 
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densely leafy and send out numerous peduncles from the upper 
axils. In general habit it resembles S. simplex , gracilis . and bi- 
for mis, and differs from the first in its appendaged style, from 
the second in its narrow acute bracts, from the last in its sym¬ 
metrical sepals, and from all three in the rounded sinuses of its 
peduncular sheaths. 

Pleurothallis vaginata Schlechter. In humid forest: on 
Mount Roraima at 6900 ft.: no. 489. This collection records 
an extension of the known range of the species from Costa Rica 
into South America. 

Four undescribed species of orchids have been detected in 
the collection by Professor Ames and will be described by him 
elsewhere. 

Chamaecrisia bauhiniaefolia (Kunth) Gleason, new comb. 
(Cassia bauhiniaefolia Kunth) Small marsh near Limao, 
extreme northern Brazil: no. 121 . 

Chamaecrista Roraimae (Benth.) Gleason, new comb. 
(Cassia Roraimae Benth.) Along the Kukenaam river at 
Roraima ford: no. 176. 

Aeschynomene laxa Gleason, n. sp. Suff'rutescent, erect, 
freely branched, 5 dm. high or more; stems slender, terete, 
essentially glabrous, sparsely marked with minute purple spots 
bearing a single short central hair; stipules soon deciduous, 
linear-subulate, the terminal lobe 4-6 mm. long, the basal 
1.5-3 mm. long; principal leaves 5-6 cm. long, erect, with 50™ 
70 leaflets, the upper much smaller with fewer leaflets; leaflets 
obliquely elliptic-oblong, rounded and minutely apiculate at 
the summit, the midvein central, varying, in size from 3 mm. 
at the base to 1.5 mm. long at the summit of the leaves, or 
only 1 mm. on the uppermost leaves; racemes axillary, about 
5-flowered, elongating during anthesis to 6 cm., the.rhachis 
spotted like the stem; pedicels 3 mm. long, becoming 5-7 mm, 
in fruit; prophylla oblong-elliptic,' 1.3 mm. long; calyx (in¬ 
cluding the hypanthium) 3.1-3.2 mm. long, its tube 1.2-1.3 
mm., deeply bilabiate, the upper lip with 2 ovate rounded lobes 
0.5 mm, long, the lower with 3 oblong-ovate lobes 0.6-0.7. mm. 
long; vexillum round-spatulate, 4 mm. long, dotted with pur¬ 
ple; fruiting stipe slender, 7 mm. long; joints of the legume 2, 
rhombic-ovate, 3.5 mm. long, 3 mm. wide, with much thickened 
sutures, slightly convex above, broadly rounded below, the 
surface somewhat veiny and glabrous. 

Type, Tate 10 , collected on the edge of a swamp at Freehal, 
in northern Brazil, south of. Mount Roraima, 6 Sep. 1927, and' 
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deposited'In the herbarium of the New York Botanical Garden. 
It is most closely related to .4. filosa Mart., from which it 
differs in its smaller dowers, less deeply lobed calyx, purple- 
dotted vexillum, and narrower stipules. 

Bowdichia parvifolia Gleason, n. sp. Tree, height not stated; 
branches finely brown-pubescent or subvelutinous; petioles 

2- 2.5 cm. long, thinly pubescent; rhachis of the once-plnnate 
leaves more densely pubescent; leaflets 5-11, sessile, Arm or 
coriaceous, narrowly oblong-lanceolate, 12-18 mm. long, 3-5 
mm. wide, obtuse, slightly revolute, cuneate at base, minutely 
pubescent and reticulateiy veined above, densely pubescent, 
especially on the mid vein, beneath; panicle ample, terminal, 
consisting of several racemes 5-10 cm. long, the lowest sub¬ 
tended by foliage leaves; peduncle 3-5 cm. long, with the rha¬ 
chis minutely puberulent, bearing 5-10 flowers on pedicels 

3- 5 mm. long with a pair of minute bractlets near the middle; 
hypanthium campanulate, fleshy, 3.6 mm. long; calyx-tube 
gradually widened upward, subfleshy, 3.6-4 mm. long, pur¬ 
ple distaily; calyx-lobes erect, broadly triangular, 1.5 mm. long 
by nearly twice as wide, densely white-ciliate, sparsely pubes¬ 
cent externally, separated by narrow acute sinuses; standard 
broadly flabellate-cuneate, the claw 3 mm. long, the blade 8 mm. 
long, 13 mm. wide, deeply emarginate, erose and crisped; 
wings with a claw 5 mm. long, the blade obovate, 10 mm. long, 
7 mm. wide, rounded and erose distaily; keel petals separate, 
narrowly oblanceolate, 10 mm. long, the claw gradually widened 
Into a blade 3 mm. wide; stamens 10, separate, filaments sub¬ 
ulate, ultimately somewhat exceeding the sepals and 6 mm. 
long; anthers versatile, broadly elliptic, 0.8 mm. long; ovary 
on a glabrous stipe 2.7 mm. long, straight, many-seeded, 4 mm. 
long, thinly villous; style slender, abruptly incurved to the 
capitate stigma. 

Type, collected by Tate without number, on the savanna at 
Frechai, south of Mt. Roraima, northern Brazil, 30 Sep. 1927, 
and deposited In the herbarium of the New York Botanical 
Garden, Of the true Bowdichias with stipitate ovary only two 
species have hitherto been described. The common23. virgilioide s 
has leaves three times as long and five times as wide with an al¬ 
most or quite glabrous ovary, and B. nitida Spruce has similarly 
large leaves and is glabrous throughout, except for the ovary. 

Qtjalea Schomburgkiana Warm. Our specimen agrees in 
all essential features with Schomburgk’s original specimen and 
with Warming's description, but has larger flowers, the petal 
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being 5 cm. long and 5.5 cm. wide. A tree on the riverside at 
Arabupu, Mount Roraima, alt. 4200 feet: no. 306 . 

Polygala microspora Blake, n. sp. Tiny glabrous annual, 
branched above; leaves alternate, linear, 7 mm. long or less; 
racemes dense, acute, 4-7 mm. long, 2-3 mm. thick, scarcely 
comose; flowers white; wings oval, 1.5-1.7 mm. long; keel with 
small, slightly lobed crest; capsule oval, 1.2 mm. long; seeds 
pyriform, glabrous, black, 0.5 mm. long, minutely favose; 
aril reduced to a minute knob. 

Plant slender, 3-5 cm. high, leafy, the somewhat spreading 
branches up to 2.5 cm. long; leaves acutely callous-pointed, 
fleshy, 4-7 mm. long, 0.3-0.5 mm. wide; racemes short- 
peduncled, conic-cylindric; bracts ovate, short-acuminate, 
0.7 mm. long, glabrous, with greenish center and pale margin, 
deciduous (?); pedicels spreading, about 0.3 mm. long; upper 
sepal oval, obtuse, 0.8-1 mm. long, whitish with greenish bi- 
glandular thickening at base, obscurely erase above; lower se¬ 
pals similar, oval-ovate, 0.5 mm. long; wings scarcely clawed, 
broadly rounded, sometimes obscurely erose above, 3-nerved, 
0.9-1.2 mm. wide; keel 1.2 mm. long, the crest on each side of 
a broadly triangular sometimes bifid lobe; upper petals obovate- 
oblong, truncate-rounded, about 2-veined, 1.4 mm. long; 
anthers 6, longer than the glabrous free portion of the filaments; 
style short, thick, scarcely longer than the stigmata; upper 
stigma excavate, with a short nearly sessile crest; capsule 
rounded, emarginate, 0.9 mm. wide; seed pointed at base, 
rounded and minutely umbonate at apex. 

Brazil: edge of marsh, Frechal, near Mt. Roraima, 6 Sept. 
1927, G. II. II. Tate 15 (type in herb. N. Y. Bot. Card.; photog. 
and fragm., U. S, Nat. Herb.). 

A species of the Tenues group of the subgenus Orthopoly¬ 
gala, related to P. suhtilis H. B. K. and P. gracillima S. Wats., 
but at once distinguished by its pyriform seed. From descrip¬ 
tion, it was first thought that the specimens might be referable 
to P. Spruceana A. W. Bennett. Examination of the type (Spruce 
3734) of that species, made available through the kindness of 
Dr. A. W. Hill, has shown that while the two species are simi¬ 
lar in appearance, the seed of P. Spruceana is nearly oblong, 
1 mm. long, and provided with a two-lobed aril 0.8 mm. long. 
—S. F. Blake. 

Chaetocarpus stipularis Gleason, n, sp. Low tree; stems 
terete, minutely appressed pubescent with ferruginous hairs 
when young, glabrous in age, the internodes 2-4 cm. long; 
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stipules subcoriaceous, erect, inequilaterally ovate, 10 mm. long, 
5 mm. wide, acute, glabrous, 2-3 nerved; petioles narrowly 
winged. 3 mm. long, sparsely pubescent, soon becoming gla¬ 
brous: leaf-blades coriaceous, shining, ovate-lanceolate, 6-8 
cm. long, 3-4,5 cm. wide, acuminate to an obtuse apex, entire, 
obtuse at base, glabrous, the lateral nerves 6-8 on each side, 
the veinlets reticulate, scarcely elevated; pistillate flowers 
fascicled in the upper axils, sessile or with pedicels 1-3 mm. 
long; pedicels and calyx minutely but densely pubescent; 
sepals imbricate, broadly ovate, ciliate; petals none; fruiting 
pedicels 5-7 mm. long, nearly smooth; capsules woody, 1 cm. 
long, subspherical. densely echinate, the echinae obtuse, ter¬ 
minated by a short, deciduous hair; valves bifid to the middle; 
seeds short-stipitate, ovoid, 6 mm. long, black and shining, 
somewhat flattened on the sides, rounded on the back, tipped 
with a large, 2dobed, red caruncle. 

Type, Tate 194 , collected on the river-side at Arabupu, 
Mt. Roraima, alt. 4200 ft., 1 Jan. 1923, and deposited in the 
herbarium of the New York Botanical Garden. C. stipularis 
differs from C. Schomburgkia mis Pax & K. Hoffm,, the only 
species hitherto known from the region, in its shorter, more 
shining leaves on much shorter petioles, its much larger stipules 
of, entirely different shape, and in some details of the fruit 
and seeds. There are still one or two other undescribed species 
in British Guiana. 

Cyrilla brevifolia N. E. Brown. Summit of Mount Ro¬ 
raima: no. 587a, 401 ; on savannas at Arabupu, slopes of Mount 
Roraima, alt. 4200 feet: no. 287 . The species was originally 
collected on, and supposed to be endemic to, the summit of 
the mountain. Our specimen from the lower altitudes has much 
larger leaves, up to 35 mm. in length, with the lateral veins 
more evident. 

Weinmannia laxiramea Killip & Smith. Summit of 
Mount Roraima: no. 395 . 

Weinmannia venezuelensis Killip & Smith. Summit of 

Mount Roraima: no. 383 . 

Melochia parvifglia HBK. A form with unusually small 
leaves, on hard pan soil at Limao, extreme northern Brazil: 

no. 97. 

Oiiraiea Tatei Gleason,n. sp. Arborescent, glabrous through¬ 
-out; branches brown, the bark soon exfoliating; petiole stout, 
Item, long, channeled above; leaf-blades coriaceous, opaque, 
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oblong, 13-16 cm. long,_ 27-57 mm. wide, broadly acute at base, 
entire, acuminate to a subacute apex, the lateral veins obscure, 
strongly curved-ascending; panicle terminal, freely branched, 
20 cm. long; pedicels 3-6 mm. long, slender; buds ovoid, 
acute, 6 mm. long; sepals ovate-lanceolate, acute, the outer 
two with very narrow scarious margins, the inner two broadly 
scariouson each side and the intermediate one scarious on one 
side; petals yellow, herbaceous, broadly spatulate-rotund from 
a cuneate base or claw, 9 mm. long, 7.5 mm. wide; anthers 
nearly sessile, subulate, straight, 6 mm. long; gvnophore about 
equaling the ovaries; carpels 5, 1 mm. long, ovoid; style stout, 

6.5 mm. long, gradually tapering from the base to the puncti- 
form stigma. 

Type, Tate 220 , collected in humid, deeply shaded ground 
in the Weitipu forest, Arabupti,on the slopes of Mount Roraima, 
British Guiana, alt. 4200 ft., 1 Jan. 1928, and deposited in the 
herbarium of the New York Botanical Garden. The same species 
is also represented in the Kew herbarium by an unnumbered 
collection of Im Thurn from the same locality. It is most closely 
related to Ouratea rigida Engl, from the Rupununi region south 
of Roraima. 

Hypericum roraimense Gleason, n. sp. Section Brathys, 
subsection Eubrathys ; fruticose; stems freely branched, about 
2 dm. long, 4-angled above, the internodes 1-1.5 mm. long; 
leaves crowded and concealing the stem, firm or subcoriaceous, 
spreading or ascending, sessile, flat, slightly carinate toward 
the base, narrowly oblong-lanceolate, 7-10 mm. long by a fifth 
as wide, 1-nerved with two pairs of faint ascending lateral 
nerves, acute, entire; flowers solitary, terminal, the pedicels 

1.5 mm.long and much exceeded by the upper leaves; sepals 
lanceolate, acute, erect, firm, two 5.7 mm., two 5.1 mm., 
one 4.7 mm. long by a third as wide, 3-nerved; petals persis¬ 
tent, yellow, obliquely obovate-oblong, 9 mm. long, 3 mm. wide, 
several-nerved; stamens about 25, separate to the base, the 
filaments 4-5 mm. long; ovary 1 celled with 2 or 3 placentae, 
1.7 mm. long; styles 2 or 3, separate to the base, erect, subulate, 

4.6 mm. long. 

Type, Tate 412 , collected on the summit of Mt. Roraima, 
alt. 8650 ft., 27 Nov. 1927, and deposited in the herbarium of 
the New York Botanical Garden. It is obviously closely related 
to the Andean species, which it resembles in habit and in gener¬ 
al structure. Of the latter, but three species agree in the pos¬ 
session of flat narrow leaves and 3 styles conspicuously longer 
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than the ovary. H. Jussiaei and IL thymifolium have shorter 
petals, styles, and filaments and about twice as many stamens, 
while the third, H. Phellos Gleason, has much larger petals, 
longer styles, and about 100 stamens. Various species of the 
genus are known from the Venezuelan Andes, but H. roraimense 
is the first species reported from the Guianas. 

TiboucMna pseudomollis Gleason, n. sp. Stem densely 
hirsute with pale brown, ascending, simple hairs 1-1.5 mm. 
long, less densely so above, the internodes 3-6 cm. long; 
petioles hirsute like the stem, 3-5 mm. long; leaf-blades firm, 
ovate-lanceolate, the largest 41 mm. long and 19 mm. wide, 
the upper somewhat reduced, acuminate, minutely serrulate, 
abruptly acute at base, 5-nerved, upper surface densely hir¬ 
sute with ascending simple hairs 2-3 mm. long from an adnate 
base, lower surface hirsute with whitish hairs 1-3 mm. long 
from a simple base; inflorescence a freely branched panicle, 
the nodes subtended by bracteal leaves 10-15 mm. long; 
flowers 5-raerous; hypanthium tubular-campanulate, 10-ribbed, 
5 mm. long to the torus, villous with ascending simple hairs 
2-2.7 mm. long from papillose bases; calyx-tube prolonged 
0.4 mm., somewhat flaring, the acute sinuses subtended by 
straight, simple, re flexed setae nearly 3 mm. long; sepals with 
a broadly deltoid membranous base 2.4 mm. wide and 1.3 mm. 
long, tipped by a stoutly subulate apex 2.3 mm. long, ciliate 
throughout, the prominent midrib hirsute; petals broadly 
obovate, pink, 8 mm. long, 7 mm. wide, finely ciliate with 
glandular hairs; stamens essentially isomorphic and equal; 
filaments straight, subterete, glabrous, 5-6.7 mm. long; an¬ 
thers stoutly subulate, 4.4 or 5 mm. long; connective prolonged 
0.7 or 1,3 mm. to the apex of the filament, with a small dorsal 
basal protuberance and two deflexed basal ventral lobes 0.4 
mm. long; ovary half inferior, 5-celled with intruding placentae, 
short-hirsute on. the free summit and tipped with a crown of 
erect terminal cilia; style glabrous, straight, 10.5 mm. long, 
narrowed slightly below the capitate stigma. 

Type, Tate 275 ., collected on sandstone boulders at Phi¬ 
lipp Camp, Mt. Roraima, alt. 5200-6000 ft., 7 Nov. 1927, 
and deposited in the herbarium of the New York Botanical 
Garden. It is a member of the section Diotanthera, with the 
general habit of the Andean T. mollis. 

Siphanthera cordifolia (Benth.) Gleason, new comb. ( Meis - 
neria cordifolia Benth., Siphanthera microlicioides Cogn.) Philipp 
Swamp, on the slopes of Mount Roraima, alt. 5100-5200 
feet: no. 341. 
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An unidentified sterile specimen of a Yacciniaceous shrub 
was collected on the .upper slopes of the mountain: no. 284. 
This is identical with Schombitrgk 566 , from about, the same 
locality, which is also sterile. 

Be jaria (Befaria) Imthurnii N. E. Brown. Summit of 
Mount Roraima: no. 407. Three small branches of this species, 
two in flower and one with young fruits, represent Im Thurn’s 
original collection in the Kew herbarium. Oliver did not assign 
them a specific name, but did recognize that two forms were 
included, as shown by his published report and by his pencilled 
note on the sheet. Whether by accident or design, one sheet 
bears two twigs of one form and a second sheet a single stem 
of the other, which was obviously mounted there after Oliver’s 
report was printed. Brown, in drawing up his specific descrip¬ 
tion, had the additional advantage of twelve twigs collected 
by Quelch and McConnell. Of the total of fifteen twigs, the 
two collected by Ini Thurn and labeled by Brown are logically 
the type. Brown also saw the two forms and drew up his de¬ 
scription to include both. Since the differences between them 
lie in three sets of characters and are perfectly constant, the 
two may well be separated as distinct species. The distinctive 
characters of B. Imthurnii are: stem and pedicels densely 
pubescent to nearly glabrous, with slender, tapering, non- 
glandular hairs; leaves ciliate to entire, the cilia when present 
of slender simple bristles; midvein often ciliate toward the base; 
sepals erose-denticulate to fimbriate. In the second form, de¬ 
scribed below, the characteristic features are the callous black 
glands along the leaf-margin, the glandular hairs on the stem 
and midvein, and the entire sepals. 

Bejaria Tatei Gleason, n. sp. A low, freely branched shrub; 
stem and pedicels densely pubescent with spreading, dark- 
brown, glandular hairs 0.6-0.9 mm. long, the glands frequently 
deciduous on the older parts; internodes 1-4 mm. long; leaves 
crowded toward the end of the branches, their blades coria¬ 
ceous, light green above, greenish white beneath, elliptic or 
oblong, 15-25 mm. long by half as wide, or the uppermost 
somewhat smaller, subacute, slightly revolute, tapering at 
base into a margined petiole 1-3 mm. long, the margin densely 
(5-7 per mm.) scabrid with conic or truncate-conic black cal¬ 
lous glands 0.2-0.3 mm. long and the apex of the blade trans¬ 
formed into a similar gland; mid vein, especially along its basal 
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half, with stalked glands 0.4-0.8 mm. long; inflorescence a 
crowded abbreviated terminal raceme; pedicels glandular like 
the stem, 5-15 mm. long; hypanthium broadly campanulate 
to hemispheric, 1.3-1.6 nun. long, red, sometimes glandular- 
pubescent: petals oblong, retuse, about 2 cm. long; sepals 
broadly triangular-ovate, subacute, glabrous, nearly or quite 
entire. 

Type, Tate 408 , collected on the summit of Mt. Roraima, 
alt. 8650 ft., 24 Nov. 1927, and deposited in the herbarium of 
the New York Botanical Garden. Other material in the Kew 
herbarium is Im Thurn without number, Qiielch and McConnell 
94 (in part) and 646 (in part). 

Calolisianthus Imthurnianus (Oliver) Gleason, new comb. 
(Lisianihus Imthurnianus Oliver) Summit of Mount Roraima: 
no. 442 , 

Symbolanthus Quelchii (N. E. Brown) Gleason, new comb. 
(Lisianihus Quelchii N. E. Brown) Summit of Mount Roraima: 
no, 397 . 

Chelonanthus sp., the same as Ule 8448 from the Rio 
Branco, alt. 3000-4000 ft., which has been identified as C. 
Schomhurgkii (Griseb.) Gilg. It does not match the type of 
that species, Schomburgk 298 , which has the broad connate leaves 
of C. chelonoides .. The specimen consists of a fruiting plant 6 dm. 
high, and an apparently depauperate flowering plant 4 dm. high, 
bearing a corolla only 25 mm. long. The flowers of the Ule 
plant; are 42 mm. long. It probably represents an undescribed 
species, but no name has been assigned because of the lack of 
suitable flowers for examination. Lower slopes of Mount Ro¬ 
raima : no. 179, 

Maxde villa sp. Slopes of Mount Roraima at Arabupu, 
alt. 4200 feet: no. 228. This plant is the same as Vie 8450 
in the Kew herbarium, which has been named M. Schomhurgkii 
K. Sebum. This name has apparently not been published. 
Our material is insufficient to justify describing it as the type 
of a new species. 

Had ROLE a multiflora Mart. In marshes, at Frechal and 
Limao, extreme northern Brazil: no. 14 , 76. This obscure 
species has been very poorly represented in herbaria. The 
new material permits me to offer the following emended de¬ 
scription of its floral characters. 
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Sepals 5, separate, oblong-lanceolate, 3.2 mm. long, en¬ 
larging during anthesis to 5.5 mm., acute, 1-nerved, obscurely 
reticulate, glabrous (no. 14) or thinly, glandular-puberulent 
(no. 76); corolla campanulate, the tube stout, expanding from 
0.6 to 1.2 mm. in length, its 5 lobes equal, enlarging from 1.9 
to 3.5 mm. long; stamens 5, equal, inserted between the corolla- 
lobes; filaments 0.2 mm. wide at base, eventually 2.6 mm. long; 
anthers dithecous, versatile, the two halves almost separate, 
curled, longitudinally dehiscent; ovary stoutly ellipsoid, 2 mm. 
long, the axial placentae thick and protruding, with numerous 
ovules; styles 2, 2 mm. long, slender, diverging at base, in¬ 
arched at the summit; stigmas capitate; fruit a many-seeded 
capsule. 

L ant ana sp. Riverside at Arabupu, slopes of Mount Ro- 
raima, alt. 4200 feet: no. 195. This is the same as Jenman 6339 
from the Rupununi savannas, erroneously labeled L. mixta 
L. in the Kew herbarium. It may well be an undescribed spe¬ 
cies, but no name has been assigned to it because of the con¬ 
fusion affecting many species of the genus. 

Caconapea aurxculata (Rob.) Pennell. Close to Her- 
pestis gracilis Renth., from Brazil, which seems to differ in 
outer sepals ‘oblong,’ rather than triangular-acuminate, and 
plant wholly glabrous (not even puberulent), but which may 
show real contrasts when we can see authentic specimens of 
it. In a marsh at Limao, extreme northern Brazil: no. 120 .— 
F. W. Pennell. 

Caconapea verticillata Pennell & Gleason, n. sp. Stem erect 
or ascending from a creeping base, 5-8 cm. long, 4-angled, 
below glabrous, above with sessile yellowish glands; leaves 
apparently in whorls of 6, actually opposite, each cleft nearly 
or quite to the base into 3 linear, distally dentate, glandular- 
dotted segments 3-5 mm. long; pedicels 1 or 2 in an axil, scarcely 
evident; bractlets subulate, 1 mm. long; sepals glabrous and 
glandular-dotted, the outermost 3 mm. long, elliptic-lanceolate, 
two median narrower and one-sided, these three green, obtuse 
or mucronulate, minutely ciliate, two innermost' lanceolate- 
attenuate, widely hyaline margined, 2-2,5 mm. long; corolla 
2.5 mm. long, glabrous throughout, probably white, the poster¬ 
ior lobes united for part of their length, the three anterior 
lobes spreading; filaments glabrous, the posterior pair shorter; 
.anthers uniform; style glabrous;'stigmas 2, spreading; capsule 
2-2.2 mm. long, ellipsoid-oblong, glabrous, dehiscing nearly 
loculicidally; placentae narrow, thin, median to the septum; 
seeds 0.2-0.3 mm. long, cylindric, brown, not evidently reti¬ 
culate. 
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Type, Tate 72, collected on mud where water is receding at 
Limao, extreme northern Brazil south of Mount Roraima, 21 
Sep. 1927, and deposited in the herbarium of the New York 
Botanical Garden; isotype at the Academy of Natural Sciences 
of Philadelphia. It. differs from other species by its cleft leaves, 
and, at least from those of Columbia, also by loss of reticulations 
on the seed-coat.—F. W. Pennell. 

Stomoisia spicata (Syiven) Gleason, 4 new comb. ( Utricularia 
spicataSylven). This species was described in 1908 from material 
collected by Malme in 1903 at Cuyaba, Matto Grosso, and 
does not seem to have been reported from any other locality. 
It is very distinct from all other American species of Stomoisia 
by the manner in which its calyx-lobes become accrescent after 
flowering, enclosing and much exceeding the capwsule like large 
valves, their edges appressed to each other so that the effect 
to the eye is like that of a winged fruit. Tate’s locality is also 
in Brazil, but more than a thousand miles north of Cuyaba, 
and at first sight such a distance might seem unreasonable. 
But the intervening country is little explored and is mostly 
covered with a dense tropical forest, a country poorly adapted 
to the growth of this savanna-loving plant. In water at Freehal, 
extreme northern Brazil: no. 19. —J. H. B. 

Calpidisca calycifida (Benj.) Gleason, new comb. ( Utricu¬ 
laria calycifida Benj.) Philipp Swamp, Mount Roraima, alt. 
5100-5200 feet: no. 342. 

Calpidisca Humboldtii (Schomb.) Gleason, new comb. 
(Utricularia Humboldtii Schomb.) Philipp Swamp, Mount 
Roraima, alt. 5100-5200. no. 316. When Robert Schomburgk 
first visited the upper slopes of Roraima, in 1838, he found there 
a beautiful dark blue flower, called by the natives 'Roraima 
iperua,’ the 'Flower of Roraima.’ This he described in 1840 
under the above name. It has the largest and most conspicuous 
flowers of any Lentibulariaceous plant, and well deserves the 
praise that has been showered upon it. Schomburgk found it in 
only one place, but further exploration has revealed a some¬ 
what wider distribution. Two marked forms are known, which 

4 The segregation of the polymorphic genus Utricularia is due primarily to 
the careful studies of Dr. Barnhart, who identified this and the following five 
other species of the family. At his own request, the six new combinations made 
here have been credited as printed. 
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may eventually prove to be distinct species; the dark-flowered 
terrestrial form, apparently confined to the higher slopes of 
Roraima, above 1500 meters, and a paler-flowered form growing 
in water in the leaf-bases of the bromeliad Brocchinia cordy- 
linoides on Kaieteur Savanna, at about 300 meters, where it 
was discovered by Im Thurn in 1884. No morphological differ¬ 
ences between the two forms, however, have yet been noted. 
The Brocchinia grows in both places, also showing two strikingly 
different forms, and it is said that the dark-flowered Roraima 
Calpidisca is sometimes, although rarely, found associated with 
the Brocchinia leaf-bases. Tate did not approach Roraima over 
the usual route, by Kaieteur, and his specimens are of the Ro¬ 
raima form.-—J. H. B. 

Calpidisca roraimensis Gleason, new comb. ( Utricularia 
roraimensis N. E. Brown) Summit of Mount Roraima: no. 386 . 

Orchyllium Campbellianum (Oliver) Gleason, new comb. 
(Utricularia Campbelliana Oliver) Rondon Camp, Mount 
Roraima, alt. 6900 feet: no. 514a. Although not named and 
described until 1886, the description was based upon plants 
collected on the upper slopes of Mount Roraima by Schomburgk 
many years earlier. The collections by Im Thurn in 1884, 
by McConnell and Quelch in 1894, and by Tate in 1927 were 
all from the upper slopes. This and O. Qnelchii appear clearly 
distinct, but they are very closely related; both have crimson 
corollas, a rare character in the genus Orchyllium. —J. H. B. 

Orchyllium Quelchii Gleason, new comb. ( Utricularia 
Qnelchii N. E. Brown) Summit of Mount Roraima: no. 375 . 

Cephaelis Tatei Standley, sp. nov. Omnino glabra, ramulis 
gracilibus, obtuse tetragonis, internodiis 2-4.5 cm. longis; 
stipulae 4-5 mm. longae, persistentes, erectae, fere ad basin 
bifidae, lobis ovalibus, apice rotundatis; folia opposita, petiolo 
gracili, 8-13 mm. longo; lamina oblonga vel anguste oblonga, 
11-17 m. longa, 2.5-5 cm. lata, longe sensimque acuminata, 
basi acuta, subcoriacea, supra viridis, nervis manifests sed 
non elevatis, subtus pallidior, olivacea, costa gracili, elevata, 
nervis lateralibus utroque latere c. 13, gracillimis, prominulis, 
angulo lato adscendentibus, arcuatis, marginem fere attin- 
gentibus, nervulis manifestis, reticulatis; inflorescentia ter- 
minalis, 5-6.5 cm. longe pedunculata, capitato-umbellata, 
capitibus 4-5, densis, paucifloris, pedunculis 1.5-2.5 cm. longis; 
bracteae exteriores late ovatae vel ellipticae, acutae vel ob~ 
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tusae, 1.5-2 cm. longae, 1-1.5 cm. latae, interioribus brevioribus; 
fiores sessiles; calyx persistens, truncatus, 0.8 mm. loegus; 
fructus ovali-globosus, 6-7 mm. longus, obtuse costatus. 

British Guiana: Arabupu, slopes of Mount Roraima, alt. 
1260 m., Jan. 1, 1928, G.H.H. Tate 262 (Herb. N. Y. Card., 
type). 

Although several apparently related species of Cephaelis 
have been described from Roraima, none of them agrees in 
all its respects with the present plant.—P. C. Standeey. 

Viburnum roraimense Killip & Smith, n. sp. Tree, glabrous 
throughout, the branches subangular; petioles 8-15 mm. 
long; leaf-blades ovate, 8-12 cm. long, caudate-acuminate 
(tip 1-2 cm. long), rounded or subacute at base, subentire, 
conspicuously reticulate-veined, the nerves about 6 to a side, 
arcuate-ascending; peduncles 4-8 cm. long, usually slightly 
curved; bracts narrowly elliptic-spatulate, 3-4 cm. long, 
5 mm. wide, conspicuously reticulate-veined, deciduous; 
corymbs 7- or 8-rayed, 5-8 cm. wide, 2- or 3-times branched, 
bracteolate, the bractlets about 1 mm. long, soon deciduous; 
calyx-tube 1-2 mm. long, glabrous, very sparsely glandular- 
punctate, the lobes ovate, rounded, 0.6-0.7 mm. long, faintly 
ciliate; ovary furrowed; fruit (immature) ovoid, greenish. 

Type, Tate 500 , collected 4 Dec. 1927 on Mount Roraima, 
British Guiana, alt. 2100 m., and deposited in the herbarium 
of the New York Botanical Garden. The species is also repre¬ 
sented by Jenman’s 220 , collected in the same locality. 

Baccharis sp. Savanna at Arabupu, slopes of Mount Ro¬ 
raima, alt. 4200 feet: no. 273. This is the same as Appun 1165 
from the same locality. 

2. ADDITIONS TO THE KNOWN FLORA OF RORAIMA 

In the only enumeration of the montane flora of Roraima, 
Brown listed 239 species of seed-plants from elevations exceed¬ 
ing 5000 feet. No summary has been made of the number of 
species collected by Ule. TheTate collection includes apparently 
157 species, of which 134 have been fully identified, and from 
them 50 species of seed-plants may now be added to the list, 
bringing the total to 289 species, and it would doubtless be 
well over 300 if the results of the Ule explorations were also 
incorporated. 

There is no distinct vegetation-line on the mountain at 5000 
feet, this level being chosen arbitrarily by Brown, probably 
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because it is higher than any other mountains in the Guianas, 
except those of the immediate neighborhood of Roraima. Con¬ 
sidering the general luxuriance of tropical vegetation, we may 
well be surprised at the small number of species known, which 
will probably be doubled after thorough botanical explora¬ 
tion. The mountain needs especially exploration at other sea¬ 
sons of the year; Brown noted that all visits to the higher al¬ 
titudes had been made late in the year, and both Ule and Tate 
followed the usual, precedent. 

Among the 50 species to be added, a part includes species 
of wider distribution, frequently extending far from the Ro¬ 
raima region. These may have been known already from Ro¬ 
raima, but only from the lower levels, and are now reported 
from the upper levels for the first time. The second group com¬ 
prises endemic species only, some of which have been pre¬ 
viously known from the lower levels and others of which are 
here described for the first time. Not every specimen listed 
was collected first by Tate; several in both groups were detected 
by Ule and have been described from his material. 


Group 1. Non-endemics 


Panicum carannasense Mez 
Panicum cyanescens Nees 
Paspalum contkactum Pilger 
Thrasya petrosa (Trin.) Chase 
Trace ypogon plum os us (H, & B.) 
Nees 

Carex Purdiei Boott 
Xyris Jupicai L. C. Rich. 
Eriocaulon Humboldtii Kunth 
Elleanthus aureus Reichb. f. 
Epidendrum repens Cogn. 

H AREN ARIA DECXPIENS Lindl. 

Malaxis hastilabia (Reichb. f.) 
Kuntze 

PLEUROTHALLIS VAGINATA Schlecht. 

Peperomia basellaefolia HBK. 
Weinmannia venezuelensis ■ Killip 
& Smith 

Polygala adbnophora DC. 
Polygala Fendleri Chod. 


Clusia rosea Jacq. 

Pterolepis glomerata (Rottb.) 
Miq. 

RaPANEA GUYANENSIS Aubl. 

Blepharodon Steudelianus (Miq.) 
Pulie 

Nephradenia acerosa Dene. 
Buchnera rosea HBK. 

Calpidisca calycifida (Benj.) Glea¬ 
son 

Setisgapella sub ul at a (L.) Barnh. 
Stomoisia juncea (Vahl) Barnh. 
Emmeorhiza um bell at a (Spr.) K. 
Schum. 

Achyrocline satureioides (Lam.) 
DC. 

Eupatorium inulaefolium HBK. 
Eupatorxum laevigatum Lam. 
MiKzVNiA micrantha HBK. 
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Group 2. 

Xyris decussata Gleason 
Xyris Roraimae Mai me 
Xyris submontana Gleason 
Syngonanthus biformis (Brown) 
Gleason 

Syngonanthus glandulosus Glea¬ 
son 

DROSERA MONTANA RORAIMAE (Kl.) 
Diels 

Weinmannia laxiramea Killip & 
Smith 

Poecilandra retusa Tul. 

H ypericum roraimense Gleason 


Endemics 

Mahurea exstipulata Benth. 
Passiflora sclerophylla Harms 
Graffenrieda obliqua Triana 
Tibouchina pseudomollis Gleason 
Bejaria Tatei Gleason 
Blepharodon Ulei Schlecht. 
Palicourea obtusata Krause 
Sipanea galioides Wernham 
Viburnum roraimense Killip & 
Smith 

Calea ternifolia Oliver 


This brings the total number of endemic species to 139, 
or slightly less than half. This proportion will be further de¬ 
creased by more extensive exploration of the upper slopes of 
the mountain. Endemism is most pronounced on the summit. 
Excluding the Ule collections, 76 species of seed-plants are 
now known from this high plateau, and of these no fewer than 
68, or nearly 90 per cent, are endemic. 



A morphological study of some Phalarideae, with 
special reference to classification 

William E. Riecken 

(with plates 20, 21 and four text figures) 

Classifications of the Gramineae have been made at various 
times, some for purely economic reasons, others solely with the 
aim of describing them. The different classifications invariably 
make exceptions for certain genera or groups of genera because 
the characters selected as a basis for classification do not 
clearly differentiate them. Thus, one finds certain genera hav¬ 
ing some characteristics which would place them with one 
group while other characteristics obviously place them with 
another group. 

Though considerable work has been done on some grasses, 
especially those of economic importance such as our cereals, 
yet there are certain species or genera on which little detailed 
morphological work has been done with the view of aiding in 
the determination of their proper position in the classification. 
Some interesting relationships in the structure and develop¬ 
ment of the floral parts of certain grasses of doubtful position 
are revealed from a morphological study of stained microtome 
sections. 

The family Gramineae, including all true grasses, is in 
modern classifications divided into two great subfamilies: (1) 
the Poatae, exemplified by Poa, in which the spikelets are one- 
to many-flowered with reduced florets, if any, above the per¬ 
fect ones, the rachilla articulating above the glumes, and the 
spikelets more or less laterally compressed; and (2) the Pani- 
catae, with Panicum as an example, in which the spikelets 
have one perfect terminal floret with a sterile or staminate 
floret below, the rachilla articulating below the more or less 
dorsally compressed spikelets. The subfamilies are further 
subdivided into tribes each of which embraces a number of 
genera. 

The basis of distinction between the two great subfamilies is 
especially unsatisfactory because of the use of such characters as 
the articulation of the rachilla above or below the glumes, the 
persistence of the glumes, and dorsal or lateral compression of 
the spikelets, which are, from the standpoint of natural relation¬ 
ship probably not very fundamental. Due to this artificial 
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characterization of these groups, genera have frequently been 
changed from one tribe to another or grouped together into the 
same tribe when there was no relation between them to war¬ 
rant such grouping. There are yet some tribes which do not 
fit well in the subfamily in which they are classified, indicating 
that there is doubt as to their real affinities. This doubt arises 
from the fact that part of the characteristics indicate that they 
belong to one group while others would place them with the 
other group. Such conditions can be remedied only by a better 
knowledge and use of morphological characters. 

One of the groups of genera wdiich presents such uncertain 
classification is the tribe Phalarideae. In the spikelets of the 
grasses of this tribe are found usually three florets, the upper¬ 
most one being perfect, the lower either staminate as in Tor- 
resia , or rudimentary as in Phalaris and Anthoxanthum . These 
rudimentary florets have been overlooked or ignored in most 
descriptions and the spikelet described as having empty 
lemmas. In practically ail modern classifications the Phal¬ 
arideae are placed in the subfamily Poatae, in spite of the fact 
that the spikelets of the grasses of this subfamily have the per¬ 
fect floret below and the upper lemmas empty or subtending 
either staminate or rudimentary florets. Yet it has seemed prop¬ 
er to place this tribe in this subfamily because its genera ap¬ 
pear to be more closely related to the species of this group from 
their other structural characters. They have the articulation 
of the rachilla above the glumes and the laterally compressed 
spikelets which are characters used to distinguish the tribes of 
this subfamily. 

It is the purpose of this paper to present such evidence from 
a morphological study of several genera of this tribe as will 
help in determining its proper position. 

HISTORICAL 

The earlier classifications attempted before 1860 were very 
loose, in that they did not distinguish the truly one-flowered 
spikelets from those having but one functional flower, and 
since they were worked out before the doctrine of evolution 
had had a substantial influence upon classification, no attempt 
was made to show evolutionary relationships as is found in the 
classifications.made since then. An example of such an attempt 
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is found in the classification of Sinclair (1869), in which he 
uses as the basis for his division the number of florets apparent 
in each spikelet, the number of stamens and styles in each 
floret and the number of valves (lemmas and paleas) of the 
‘corolla’. He found it necessary to make nine distinct groups 
and also numerous exceptions for certain genera. 

More recent classifications take into consideration the evolu¬ 
tionary development of the plants and attempt to arrange 
the groups in the order of their relationship to one another. 
In most cases we find the Gramineae divided into thirteen 
tribes which are grouped into two large subfamilies. 

Bentham and Hooker (1883), Hackel (1889, 1890), and 
Lamson-Scribner (1897) divide the Gramineae into two sub¬ 
families, the Panicaceae and the Poaceae, on the basis of the 
articulation of the rachilla above or below the glumes, the 
prolongation of the rachilla beyond the florets, and the number 
of florets in the spikelet. Bentham and Hooker and Lamson- 
Scribner further emphasize the arrangement of the fertile and 
sterile florets, placing those tribes which have the uppermost 
florets perfect in the Panicaceae. The former make exceptions 
in the Panicaceae for Isachne, Beckmannia, and a few species 
of Setaria , and in Poaceae the genera Crypsis , Cornucopiae , 
and Alopecurus of the tribe Phalarideae and the genera Finger- 
huthia , Polypogon , Coleanthus and Nardus are exceptions, while 
Lamson-Scribner places the Phalarideae in the Poaceae, but 
explains that the perfect flower is uppermost with four empty 
glumes below. Hackel uses the length of the internodes as 
an additional differential character and states specifically 
that of the four glumes in the Phalarideae the two inner ones 
rarely act as flowering glumes for staminate flowers. This does 
not provide for Torresia , which the writer finds regularly 
having the two staminate florets below. Hackel includes in 
the Phalarideae the genera Ehrharta, Microlaena, Tetrarrhena , 
Phalaris , A nthoxanthum and Hierochloe . 

Baillon (1894) stresses the same characteristics as those 
just discussed, but instead of forming two large subfamilies, 
he divides the Gramineae into eleven tribes, one of which is 
Phalarideae, and in this tribe includes the same genera as given 
by Hackel. 

Lamb (1912) develops in detail the scheme suggested by 
Bessey that the Bambuseae are the most primitive of the Gra- 
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mineae, and that from this tribe may be derived three main 
phylogenetic lines based on the position of the larger flowers 
in the spikelet. One line, the. Festucean line, contains those 
grasses having the larger flower at the base of the spikelet. 
With this group he connects the Festuceae, Agrostideae, 
Aveneae, Hordeae and Chlorideae. In a second, the Phalari- 
dean line, having the larger flowers at the top, he includes the 
Phalarideae, Oryzeae and Paniceae. The third group, the 
Andropogonean line, having the larger flowers at the top and 
the spikelets in pairs, includes the Andropogoneae and Maydeae. 

The writer considers the order of development in the spike¬ 
let to be a better indication of phylogeny than is the relative 
size of flowers offered by Lamb, for the larger flowers are not 
always the older , an example of which we find in Torresia 
odorata. 

The most extensive recent work which has been done on 
classification of the Grasses is that of Hitchcock (1914, 1920). 
In his publications he divides the Gramineae into two sub¬ 
families on the basis of the number of florets in the spikelet, 
the relative position of the reduced or imperfect florets, and the 
articulation of the rachilla above or below the glumes. He, too, 
finds that exception must be made in his classification for the 
Phalarideae, which are grouped with the Poatae, for, instead 
of having the reduced florets above the perfect ones, this tribe 
has the rudimentary florets below the perfect one. 

It is obvious that the bases used in the classification of the 
Gramineae have not been altogether very satisfactory. It is 
desirable to have a basis which would include the different 
genera without the necessity of making exceptions. 

The double aim of any system of classification is to group 
plants for convenience in treatment and at the same time to 
represent as nearly as possible their actual relationships. 
Modern practice attempts to arrange plants on the basis of 
the complexity of their floral structures, placing the more 
primitive first and the more highly developed last. In their 
evolution from a common origin, species tend to vary. Because 
of this tendency and because this development does not follow 
the same straight line in the different variations, it is possible 
to find that some plants which have become most highly devel¬ 
oped in one group may exhibit evidences of being far in advance 
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of the most primitive of the next higher group (see Hitchcock, 
1920, p.2). It thus becomes difficult to arrange them on any 
basis and at the same time show their genetic relationships. 
A morphological examination of the species may aid in deter¬ 
mining these relationships and in giving us a truer basis for 
comparing them. 


MATERIAL AND METHOD 

For this study there were available four species: Phalaris 
canariensis L., Phalaris arundinacea L., Anthoxanthum odor a- 
turn L., and Torresia odorata (L.) Hitchc. of the tribe Phalari- 
deae. The material for Phalaris canariensis and Anthoxanthum 
odoratum was given to me by Dr. Weatherwax, who brought 
seeds of both species from Georgia. Phalaris arundinacea is 
found growing wild in clumps near Bloomington, Indiana, and 
Torresia odorata was obtained from clumps growing wild near 
Winamac, Indiana. 

Phalaris canariensis was grown in the greenhouse from the 
seed, and successive generations were grown from the seeds 
produced by the greenhouse plants. The plants grew and 
thrived under these conditions, producing an abundance of 
viable seeds which germinated well after a period of rest. Seeds 
planted in flats in the greenhouse in the fall grew well during 
the winter and in April flowered and bore fruit. An attempt to 
grow plants the following June from these seeds which matured 
in April resulted in failure, but some of the same packet of 
seeds germinated and grew readily when planted the following 
September in the greenhouse. 

Clumps of Phalaris arundinacea which were observed showed 
that It propagates very easily by underground stems. An un¬ 
successful attempt was made to grow it in the greenhouse from 
seed. The panicles were observed to bloom, and after blooming 
the spikelets appeared to contain well developed seeds, each 
appearing well filled and plump. Their failure to germinate led 
to an examination of some of the spikelets, which when opened 
were found to contain but a small dried up pistil instead of a 
well developed seed; the lemma and palea enclosing this with¬ 
ered pistil gave the spikelet the appearance of having a well 
developed seed. The same condition was found when spikelets 
of three other seasons were examined, yet it was possible to 
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trace the development of the embryo sac as far as the megaspore 
stage. Further study needs to be made to determine whether 
viable seeds are formed. Clumps of plants with the under¬ 
ground stems that have been dug up and grown in the green¬ 
house during the winter and then carried outside during the 
summer have not formed any inflorescences but have sent out 
new shoots at many of the upper as well as the lower nodes. 
These nodes with shoots form roots which take hold of the soil 
and make separate plants. 

All of the material was fixed in chromo-acetic acid or formol- 
acetic-alcohol, dehydrated slowly, and embedded in paraffin, 
from which the sections ten microns thick were cut. All sections 
were stained with the triple stain, anilin safranin, gentian 
violet, and orange G. 

The contracted panicles of Phalaris canariensis are dense, 
ovoid, 1-1.5 inches long. The laterally compressed spikelets 
contain one perfect terminal floret and two lower lemmas, all 
of which are wholly enclosed by the two boat-shaped glumes 
(figs. 1, 2). In longitudinal sections of the spikelet are found 
evidences of the rudimentary floret in the axil of each of the 
lower lemmas, which are often referred to as the second and 
third glumes. Thus this species has a spikelet which is funda¬ 
mentally three-flowered with the two lower florets rudimentary 
(figs. 3, 4). 

In the development of the panicle, the uppermost spikelets 
are the first to mature. The significant thing, however, is the 
order of the development of the parts of the spikelets, which 
is found to be from the lower to the uppermost, that is, the 
glumes, and the first, second, and third lemmas are developed 
in the order named, though in very close succession (fig. 5). 
No evidence could be found of the prolongation of the rachilla 
beyond the uppermost floret. A very noticeable structure of 
the first and second lemmas is the very much thickened basal 
region which ends uppermost in a very thin membranous tip. 
The outer or dorsal layer of cells of these thickened bases have 
thin walls, and are very much larger than the inner denser cells 
(fig. 6). The rachilla disarticulates just above the glumes. At 
the point of disarticulation, the rachilla is very small, and it 
seems possible that the layer of large cells of the sterile lemmas 
by hygroscopic action may function in the ejection of the 
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caryopsis. The caryopses have been observed disconnected 
and lodged between the upper ends of the two glumes. 

The panicle of Phalaris arundinacea is open during anthesis, 
after which it is closed, forming a long cylindrical contracted 
panicle. The lanceolate spikelets are included by two wingless 
glumes. What has been said with reference to the structure 
of P. canariensis applies likewise to P. arundinacea (fig. 7). 
The two lower lemmas probably show more of a tendency to 
be reduced to bristles above the much thickened basal portions 
(fig. 8). These basal regions also show the single layer of much 
enlarged cells on the dorsal side. The lower members of the 
spikelet are developed earlier than the upper as in the preced¬ 
ing species. 

In Anthoxanthum odoratum (fig. 9) the unequal glumes en¬ 
close, besides the perfect terminal floret, two hairy, bifid, dor- 
sally awned lemmas (fig. 10). These lemmas show evidence of 
having an undeveloped floret in the axil of each (fig. 11). The 
perfect terminal floret has but two stamens, no lodicules, and 
usually a two-parted plumose stigma. In the development of 
the spikelets of this species it is found that it agrees with the 
two species of Phalaris in the order of the development of 
the parts, the lower members appearing earlier than the upper 
(fig, 11). Here again is found the layer of enlarged cells on the 
ventral side of the first and second lemmas. 

The open panicle of Torresia odorata is composed of three- 
flowered spikelets (figs. 12, 14), with the terminal floret per¬ 
fect and the two lower florets staminate or frequently empty. 
In the terminal and in the lower florets, when the latter are 
developed, are found three stamens. In dissecting the spikelets 
just before anthesis it is quite obvious that the lower florets 
are more advanced than the upper (fig. 13). Material for a 
more detailed study of sections was not available in time for 
this paper, but the order of development of the spikelet is very 
evident from the spikelets which were dissected just before 
anthesis, and is found to agree with the other three species des¬ 
cribed (fig. 13), Sections were not necessary in this case to as¬ 
certain whether the spikelet is more than one-flowered since the 
first and second lemmas show fully developed staminate flowers 
in their axils. 
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ANOMALIES 

Some anomalies were observed in some of the specimens 
which were dissected. In a few cases in Phalaris canariensis 
and Torresia odorata spikelets were found in which the two 
filaments of the two lateral stamens were united into one for 
two thirds of the distance up from the base but were distinct at 
the top with an anther on each (figs. 15, 16). In Anthoxanthum 
odor alum and in Torresia odorata (fig. 17) instances were noted 
in which the stigmas were three-parted. 



Fig. 14. Torresia odorata. Spikelet with glumes pulled apart, showing 
the three enclosed florets. X3.7. G, glume; L, lemma. Fig. 15. T. odorata , 
and fig. 16 P. canariensis , showing the united filaments of the lateral stamens. 
X3. Fig. 17. T. odorata, showing the three-parted stigma. X3, 

DISCUSSION 

The three genera are closely comparable in the structure of 
the spikelet and in the order of the development of its members. 
The spikelet of Torresia clearly shows three flowers fully devel¬ 
oped. The flowers in the first and second lemmas, being sta- 
minate and more advanced than the uppermost, definitely ex¬ 
hibit an indeterminate condition. In the first and second lem¬ 
mas of Anthoxanthum and Phalaris are found evidences of 
florets which do not develop very far, and in each of these 
species it is found from sections made of early stages that the 
lower members of the spikelet are more advanced than the 
upper; therefore all of them show the same indeterminate con¬ 
dition. 



1929 ] 


RIECKEN : PHALARIDEAE 


417 


It is found that the spikelet of Anthoxanthum differs from 
the other species in the absence of lodicules and in that the 
perfect, uppermost floret has but two stamens, but agrees in 
all other features very strikingly with the other three species 
here described. 

A prolongation of the rachilla beyond the uppermost floret 
could not be observed in any of the sections made in any of 
these species, although Mrs. Arber (1925) reports having found 
a definite prolongation of the rachilla in the genus Ehrharta of 
this tribe. 

The following similarities in these species are observed and 
may be used as a basis of comparison: (1) that each has a 
spikelet which is morphologically more than one-flowered, (2) 
that in each the order of development of the members of the 
spikelet is the same—the lower members developing first, and 
(3) that it is the uppermost spikelet in each case which is the 
perfect one with the incomplete or aborted florets below. 

Lamb attempted to overcome the difficulties of present 
classifications, and his method based on what he considered the 
evolution of this family is a tendency in the right direction; 
but the basis which he selected, that of the relative position of 
the large and small flowers of the spikelet does not present a 
phylogenetic relationship. However, it is believed that a mor¬ 
phological study and comparison of the order of development 
of the spikelet does present phylogenetic relationships which 
can be used as a basis for classifying the Gramineae. 

If, in classifying the Gramineae, we use as a basis the 
structure of the spikelet and the order of development of the 
members of the spikelet, we can say that these species, judging 
from the similarities enumerated above, constitute a distinct 
group. Upon this basis it is possible to group the Phalarideae 
with the Poatae without making them an exception, and it 
seems possible to divide all the Gramineae having more than, 
one flower in the spikelet on this basis without the necessity 
of making exceptions. Such a basis has already been pointed out 
by Weatherwax (1923), who states that 

A sharp line of distinction may be drawn between one group of genera, in 
which the spikelet is indeterminate, and another in which it is determinate. 
In the one the lower flower is most advanced in development, and abortion 
is most likely to occur at the top; in the other, this order is reversed. 
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Though in an indeterminate inflorescence the abortion of parts 
is most likely to occur at the top, yet in Phalarideae the abor¬ 
tion has o ecu red below the developed floret. However, the order 
of development still holds, for the lower members are the most 
advanced. 

On this basis those species of Gramineae which have more 
than one flower in the spikelet may be divided into two groups: 
(1) those genera in which the spikelet is more than one-flowered 
and determinate; and (2) those in which the spikelet is more 
than one-flowered but indeterminate. The Phalarideae, then, 
being more than one-flowered and indeterminate, would thus 
be classed with the latter group. 

SUMMARY 

1. The tribe Phalarideae has never consistently fitted in 
with the classifications which have been made of the Gramineae, 
due to the fact that it was judged only by characters which are 
external. It is here suggested that the remedy is to be looked 
for in the better use of the morphological characters to em¬ 
phasize phylogenetic relationships. 

2. Through a morphological study of the development of 
the spikelets it is found that the Phalarideae form a definite 
group, in that they have in common a spikelet with a perfect 
terminal flower, that they have more or less evidence of rudi¬ 
mentary flowers in the axils of the lower lemmas, and the spike- 
lets all develop in the same order—the lower members being 
the more advanced. 

3. On the basis of the order of the development of the 
florets in the spikelet, the Gramineae having more than one 
flower in the spikelet may be divided into two groups; the 
Panicatae with determinate inflorescence, and the Poatae with 
indeterminate inflorescence. With this fundamental division 
of the family, we can consistently place the tribe Phalarideae 
in the Poatae without making it an exception. 

The writer wishes to express his appreciation of the criticism 
and suggestions of Dr. Paul Weatherwax who suggested the 
problem, and under whose direction this work was done in the 
laboratories of Indiana University. 

Ohio Wesleyan University 
Delaware, Ohio ■ 
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Explanation of plates 20, 21 
PLATE 20 

Figs. 1-6. Phalaris canariensis. 

Fig. 1. Whole spikelet. X7. 

Fig. 2. Spikelet with glumes removed. X7. L, lemma. 

Fig. 3. Longitudinal section of the spikelet. X7. 

Fig. 4. Cross section of the spikelet. X25. L, lemma; G, glume; R, 
rudimentary floret. 

Fig. 5. Longitudinal section of young spikelet showing the order of devel¬ 
opment. X25. G, glume; L, lemma; P, palea. 

Fig. 6. Longitudinal section of empty lemma showing enlarged cells on 
the dorsal side. X6. 

Fig. 7. P. arundinacea. Longitudinal section of the spikelet. X6. 

PLATE 21 

Fig. 8 . P. arundinacea . Spikelet with glumes removed. X6. G, glume; 
L, lemma; R , rudimentary floret; P, palea; Pi, pistil; St, stamen. 

Figs. 9-11. Anthoxanthum odoratum . 

Fig. 9. A spikelet. X3 G, glume; L, lemma; A, awn of lemma; Pi, 
stigmas of pisil. 

Fig. 10. Two spikelets, the upper one with glumes removed. X3, 

Fig. 11. Longitudinal section. X3. G, glumes; L, lemma; R, rudimentary 
florets; P, palea; Pi, pistil; St, stamen. 

Figs. 12, 13. Torresia odorata . 

Fig. 12. A spikelet. X3. 

Fig, 13. Spikelet showing only the essential organs; lower florets more 
advanced. X3.7. St, stamen; Pi, pistil; Ra , rachilla. 








Fresh water algae from the Green River formation of Colorado 

Wilmot H. Bradley 1 
(with plates 22, 23) 

In the writer’s investigation of the origin of the group of 
lake beds of Colorado, Utah, and Wyoming, known as the Green 
River formation, a systematic study of the microfossils was 
made in addition to the geologic studies, in order to aid in inter- 
preting the conditions that prevailed in the ancient lake. This 
lake existed for several million years during the middle part of 
the Eocene epoch, which is the earliest epoch of the Tertiary 
Period. Although the Eocene represents a rather late epoch in 
the earth’s history, rocks formed during the middle of that 
epoch are probably of the order of forty million years old. The 
complete report on this investigation will be published by the 
United States Geological Survey. 2 Professor Gilbert M. 
Smith, of Stanford University, criticized the parts of that 
manuscript describing the algae and offered very helpful sug¬ 
gestions concerning the analogy between them and certain 
living forms. Later, when the writer published the descriptions 
and figures of a few of these fossil algae in a brief paper (Brad¬ 
ley, 1929) bearing on the interpretation of certain disputed 
structures in other oil shale deposits, Professor Smith 3 sug¬ 
gested that as these fossil algae might be of as much interest to 
botanists as to geologists it would be desirable to publish des¬ 
criptions of some of them in a journal that circulates chiefly 
among botanists. This paper was prepared in accordance with 
that suggestion. The writer wishes to express here also his ap¬ 
preciation to Professor Smith for his thorough criticism and 
generous help. 

OCCURRENCE 

Because these algae were fossilized in a manner different 
from that of most fossils, a brief consideration of their occur¬ 
rence will assist to explain the preservation of such delicate and 
normally ephemeral organisms. The Green River formation 

1 Published by permission of the Director, U. S. Geological Survey. 

2 Bradley, W H. The origin and microfossils of the oil shale in the 
Green River formation of Colorado and Utah. U. S, Geo. Surv. Prof. Paper 
(in preparation). 

3 Personal communication, July, 1929. 
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consists chiefly of thinly laminated beds of marlstone that con¬ 
tain a relatively small quantity of organic matter* Associated 
with the marlstone beds are groups of oil shale beds which are 
in reality only marlstone and shale beds with an extraordinarily 
large proportion of organic matter. All of these beds were laid 
down in a large and comparatively shallow lake which for a 
large part of its life was essentially a fresh water body* The 
beds considered here, therefore, are simply compacted and 
lithified lacustrine oozes and the organic matter they contain 
was derived predominantly from minute aquatic organisms 
that inhabited the lake. It is in the richest beds of oil shale or 
in other words in those that contain the greatest proportion of 
organic matter that the fossil algae described here were found. 

Most of the thin sections of these organic rocks were ground 
in the same way that ordinary rock sections are cut. Others, 
however, were cut in a microtome after the mineral matter had 
been removed and the organic matter softened in hot concen¬ 
trated phenol. 

Two kinds of organic matter can be clearly distinguished 
in the thin sections. One is entirely structureless, translucent, 
and lemon-yellow to reddish-brown. It makes up the ground- 
mass of the rock and contains various quantities of finely divided 
mineral matter. The other kind of organic matter consists 
of complete or fragmentary organisms such as algae, fungi, 
protozoa, insects, and parts of higher plants, as spores, pollen 
grains, or minute pieces of tissue. 

Chroococcus? sp. cf. C. Wes Hi (W. West) Boye, P. (plate 22, 
fig. 1). This fossil alga seems to belong to the Chroocoecaceae. 
All the individuals consist, of a pair of broadly ovate semi cel Is 
that range from 12 to 18.5 microns in diameter. The cell 
walls are thick and homogeneous. Sheaths are apparently 
absent though originally they may have been present and have 
merely contracted and merged with the cell wall thus making 
it appear somewhat thicker. The shape and size of these cells 
agree very well with the living C. Westdi. The cells of C 
Westii, without the sheaths, range from 13 to 27 microns in 
diameter (Geitler, 1925 p. 78, fig. 70). The reticulate system 
of shrinkage cracks, which are unmistakable under the micro¬ 
scope, lend the fossil a superficial resemblance to certain 
sculptured dinoflagellates. 
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The microflora of the Green River oil shale contains more 
individuals of this species than any other. In one specimen the 
writer calculated that there were about 5700 individuals per 
cubic centimeter. This calculation, though subject to large 
errors, is probably of the right order of magnitude. 

Crinalium? sp. cf. C. endophyticum Crow (fig. 2). These 
strap-shaped filaments are much like those of Crow’s genus 
Crinalium (Crow, 1927). They are duplex, slightly twisted, 
and without apparent transverse septa. Moreover, some of 
them are sharply bent in the middle, though none are really 
U-shaped. They differ from C. endophyticum in that they are 
nearly 7 microns broad, whereas the filaments of the living 
species are 3 to 4 microns in diameter. Like other fossil algae 
of this micro-flora no sheath is discernible and it is impossible 
to tell if there ever was one. Filaments like these are common in 
the oil shale and all are much broken by shrinkage cracks. 

Ilapalosiphon sp. cf. II, confervaceus Borzi (fig. 3). This 
alga is remarkably suggestive of certain living species of Ilapa¬ 
losiphon , yet it does not agree exactly with any of them. It 
comes closest to II. confervaceus Borzi, but differs in being slight¬ 
ly smaller and in not having its filaments coated with small 
grains of calcium carbonate as described by Geitler (1925, p. 
201). The trichomes of H . confervaceus range from 15 to 22 
microns in diameter, whereas those of the fossil range from 11 
to 13 microns. Moreover, no sheath is discernible in the fossil 
alga and it is impossible to tell if it ever had one. The fossil 
also resembles II. aureus W. and G. S. West, but is more richly 
branched and the branches are about the same size as the 
principal filament rather than smaller. H. flexuosus Borzi has 
all the characters of the fossil, but is considerably smaller. Its 
trichomes average 6-8 microns in diameter. 

Phacus sp., cf. P. caudata Hiibner (plate 23, fig. 4), This 
pyriform cell is remarkably like certain species of the euglenoid 
genus Phacus. The short, straight caudal spine, the asymmetry 
of the forward end, and the dimensions are very close to P. 
caudata Hiibner, which is 22.5 microns wide and 45 microns 
long (Lemmermann, 1913). The fossil is about 25 microns wide* 
and 46 microns long. However, no longitudinal striae and no 
longitudinal fold are discernible, though these characters may 
have been obscured during compaction and lithification of the 
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ooze In which the organism was embedded. The fossil is also 
very nearly like Lepocinclis teres (Schmitz) France, especially 
in the shape and length of the spine, but this living species Is 
symmetrical. This fossil is remarkable in that it apparently 
represents the preservation of a naked protoplast. In comment¬ 
ing upon this fossil Professor Smith 4 called the writer’s atten¬ 
tion to a central light dot in just the position of the paramylon- 
grain of Phacus. Examination in polarized light shows that this 
dot is due to the presence of a minute mineral grain which only 
by chance happens to occupy the position of the paramylon- 
grain. 

Tetraedron sp. cf. T. regular e var. tor sum (Turner) Brunn- 
thaler (fig. 5). This alga shows a striking resemblance to the 
living Tetraedron regular e var. tor sum. It is excellently pre¬ 
served and shows no shrinkage cracks. It is brownish-orange 
and although clear and translucent it is somewhat darker than 
the groundmass. The alga appears to be perfectly homogeneous 
and all differentiation between the cell wall and contents has 
disappeared. 

Coelastrum? sp. cf. C. verrucosum Reinsch (or Pediastrum? 
sp.) (fig. 6). This group of cells which the late Charles A. Davis 
(1916) regarded either as a Pediastrum or a member of a clpsely 
related genus may be a Coelastrum. It is somewhat similar to 
C. verrucosum Reinsch. According to this interpretation this 
group of eight cells represents a flattened and partly fragmented 
coenobium whose cells were more or less rounded and lobed. 
The individual cells of C. verrucosum (Reinsch 1877) are about 
9.7 microns in diameter, whereas those of the fossil measure 
about 10 microns across. But the irregular lobes on the cells 
of the fossil are apparently more rounded and larger in propor¬ 
tion to the size of the cell than the irregular wart-like promi¬ 
nences on the cells of C. verrucosum. Nevertheless, the number 
of the cells, their size, and general aspect are nearly enough 
like C. verrucosum to warrant the suggestion that the fossil may 
be a species of Coelastrum comparable to C. verrucosum Reinsch. 

Microspora sp. cf. M. pachyderma (Wille) Lagerheim (fig. 7). 
This alga, which is represented in the microflora of the Green 
River formation by \ single fragment, is very close to M. 

4 Personal communication, Jan., 1928. 
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pachyderma in filament structure, cell shape, and dimensions. 
The filament of the fossil is about 16.5 microns in diameter and 
the cells average 13.5 microns in diameter and 20 microns long. 
The cells of M. pachyderma are 9 to 12 microns in diameter 
and 1 to 2 times as long as wide. (Heering, 1914, p. 152). 

The color of this fossil is unusual. It is pale lemon-yellow 
and almost transparent, whereas most of the algae in the oil 
shale are reddish-yellow, reddish-orange or dark reddish-brown. 
The color is very close to that of the pollen grains and waxy 
spore exines found in the oil shale. 

Stigeoclonium? sp. cf. S. lubricum (Dillwyn) Kiitzing 
(fig. 8). It is not at all certain that this fragment of a branching 
alga belongs here. Too little of the character of the cell contents 
is known to be sure in the first place whether it is a member of 
the Chlorophyceae or Cyanophyceae. However, it is placed 
here provisionallly because its manner of branching and the 
size and shape of the cells are so suggestive of S. lubricum. 
The cells are quadrate or cask-shaped and range in diameter 
from about 7 to nearly 10 microns. Hazen (1902, p. 196) gives 
the diameter of the branchlets of S . lubricum as 6 to 7 microns 
and the diameter of the principal filaments as 14 to 16.5 mi¬ 
crons. The fossil, which is unusually large compared with other 
specimens of the microflora, also resembles the blue-green alga 
Capsosira Kiitzing (see Geitler, 1925, p. 171), but shows no 
indication of the heterocysts characteristic of this genus, and 
in its branching and general aspect is more like Stigeoclonium . 

MANNER OF PRESERVATION 

The structureless organic matter in which these and other 
algae are embedded was derived from the partial decomposition 
of minute aquatic organisms that dwelt in the ancient lake. 
It seems probable that planktonic algae furnished the greater 
part of the original gelatinous ooze but probably other aquatic 
organisms like protozoa, bacteria, and various insect larvae 
also contributed. When the decomposition of these organisms 
reached a certain stage, bacterial activity evidently ceased or 
was greatly retarded and the resulting gelatinous ooze re¬ 
mained essentially stable and apparently somewhat antiseptic. 
Comparable deposits of richly organic ooze are known in certain 
existing lakes. This gelatinous ooze acted as a protecting 
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medium against the activity of putrefactive bacteria and so 
preserved delicate organisms like'algae and fungi that became 
accidentally entombed In it. Presumably the cells of these 
algae were partially impregnated with the ooze in somewhat the 
same manner that amber penetrated the tissues of its plant in¬ 
clusions. Thus these algae were supported, or rather, suspended 
in agelatinous matrix until the whole mass had become hardened 
into rock. It appears that many of the algae in the Green 
River oil shale contained more moisture than the matrix, for they 
contracted more, and so are broken by numerous shrinkage 
cracks. (See plate 22, fig. 3). 

XL vS. Geological Survey 
Washington, D. C. 
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Explanation of plates 22 y 23 

The photomicrographs from which figures 1-3 of plate 22 and figures 6 
and 8 of plate 23 were taken were made under the direction of the late Charles 
A, Davis. The other photomicrographs were taken by the writer. 

plate 22 

Fig 1 . Chroococcus sp. cf. C. Westii (W. West) Rove, P. The alga shows 
a reticulating system of shrinkage cracks. X430. 

Fig. 2. Crinalium ? sp. cf. C. endophyticum Crow. The transverse shrink¬ 
age cracks in these algae give an erroneous impression of transverse septa. 
X185. 

Fig. 3. Hapalosiphon sp. cf. H. confervaceus Borzi. The reticulating 
system of shrinkage cracks in this alga resemble that in the Chroococcus. 
X375. 

PLATE 23 

Fig. 4. Phacus sp. cf. P. caudata Huber. The transverse cracks are due 
to shrinkage. The light dots and angular areas are mineral grains which, to¬ 
gether with the fossil, are embedded in the light gray structureless organic 
matrix of the oil shale. X410. 

Fig. 5. Tetraedron sp. cf. T . regulars var. torsum (Turner) Brunnthaler. 
This alga shows no shrinkage cracks and is embedded in an oil shale whose 
mineral grains are somewhat coarser than the others. X2Q0. 

Fig. 6 . Coelastrum? sp. cf. C. verrucosum Reinsch (or Pediastrum? sp.). 
These cells show no shrinkage but were probably somewhat distorted during 
compaction of the sediment. X740. 

Fig. 7 Microspora sp. cf. M. pachyderma (Wille) Lagerheim. This photo¬ 
micrograph was taken from a microtome section of the oil shale from which 
all the mineral grains have been removed. It shows more clearly than the other 
that the volume of structureless organic matter in these oil shale beds greatly 
exceeds the mineral matter. X250. 

Fig. 8, Stigeoclonium? sp. cf. S. luhricum (Diltwyn) Kiitzing. The 
shrinkage cracks in this alga are small and consequently the transverse walls 
are more plainly discernible. X410. 
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leaves of Pima and Acala cotton. Univ. Arizona Tech. 
Bull. 17: 419-443. /. 1-14. 1 N 1927. 

Hayes, H. K., & Brewbaker, H. E. Glossy seedlings in maize. 

Am. Nat. 62: 228-235. My 1928. 

Hayes, H. K., & Brewbaker, H. E. Linkage studies of factor 
pairs for normal vs. glossy seedlings and flinty vs. floury 
endosperm in maize. Am. Nat. 63: 229-238. My 1929. 
Hayes, H. K., & Garber, R. J. Breeding crop plants. 2d ed, 
i-xxii, 1-438. /. 1-71. New York, McGraw Hill Book Co., 
^ 1927. 

Kinds, W. E. Citrus pests and their control in Louisiana. 
| Louisiana Agr. Exp. Sta. Circ. 122: 1-34. pi. 7, 2. My 
1929. 
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Hirschhorn, J. Contribucion al estudio de la fisiologia del 
injerto en Citrus . Rev. Fac. Agron. Univ. Nac. La Plata 
18: 250-278. /. 1-20. D 1928. 

Hitchcock* A. E., & Zimmerman* P, W. Effect of chemicals, 
temperature, and humidity on the lasting qualities of cut 
flowers. Am. Jour. Bot. 16: 433-440. “Je” 18 J1 1929. 
Hitchcock* A. S. Three new grasses from French Sudan. Jour, 
Washington Acad. Sci. 19: 303-304. 19 Au 1929. 

Brachiaria Hagerupii, Eragrostis pallescens and E. albida, spp. nov. 

Hollick, A. Botany in relation to geology. Jour. N. Y. Bot. 
Gard. 30: 162-166. J1 1929. 

Hollingshead, L. A preliminary note on the occurrence of 
haploids in Crepis. Am. Nat. 62: 282-284. /. 1. My 1928. 
Holtz, H. F., & Larson* C. A simple method for nitrate nitrogen 
determination in wheat plants. Plant Physiology 4: 
288-291. Ap 1929. 

Houghton, A. D. The genus Pereskia . Jour. Cactus & Succ. 
Soc. Am. I 2 : 1-3, 13. Au 1929. 

Howe, M. A. Two new species of Chara from tropical America. 
Field Mus. Nat. Hist. Publ. Bot. 4: 159-161. pi. 16. 
5 J1 1929. 

Chara Kenoyeri and C. Rusbyana, spp. nov. 

Howitt, J. E., & Caesar, L. The more important fruit tree 
diseases of Ontario. Ontario Dep, Agr. Bull. 344: 1-45. 
Must. Ap 1929. 

Hu, H. H. Two new species of Carpinus from Szechuan. 
Jour. Arnold Arbor. 10: 154-156. J1 1929. 

Carpinus Fangiana and C. Wilsoniana, spp. nov. 

Huber, A. Veronica L. I. Die Sektionen Pseudolysimachia 
Koch und Veronicastrum Benth. und die Gattung (Sektion) 
Leptandra Benth. Pflanzenareale 2: 29-34. pi. 32-40. 
1929. 

Huelsen, W. A., & Gillis, M. C. Inheritance of kernel arrange¬ 
ment in sweet corn. Univ. Illinois Agr. Exp. Sta. Bull. 
320: 301-336. /. 1-9 . F 1929. 

Imai, Y. The segregation of albescent seedlings and the muta¬ 
tion to defective seeds in a pedigree of the Japanese 
morning glory. Am. Nat. 63: 151-159. Mr 1929. 
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Imai, Y., & Tabuchi, K . Dominant mutations of the Japanese 
morning glory. Am. Nat. 63: 362-366. f. 2, 2, J1 1929. 
Irwin, If. M. The Cedar Cliffs prairie opening of the Cin¬ 
cinnati region. Proc. Ohio Acad. Sci. 8: 203-233. f. 1-20. 
1929. 

Jacob, 3EL E* Powdery mildew of the grape and. its control 
in California. California Agr. Exp. Sta. Serv. Circ. 31: 
1-18. /. 1-7. Mr 1929. 

Janssen, G„ Effect of date of seeding of winter wheat on plant 
development and its relationship to winterhardiness. Jour. 
Am. Soc. Agron. 21: 444-446./. 2-5. Ap 1929. 

Johnson, J. The classification of certain virus diseases of the 
potato. Univ, Wisconsin Agr. Exp. Sta. Res. Bull. 87: 
1-24. /. 1-6. Ja 1929. 

Jones, D. H. Fire blight and its eradication. Ontario Dep. 
Agr. Bull. 342: 1-22. Ap 1929. 

Jones, BL A., & Rosa, J. T. Truck crop plants, i-xiv, 1-538. 

/. 1-98. New York, McGraw-Hill Book Co., 1928. 

Jones, J. P. A physiological study of dormancy in vetch seed. 

Cornell Agr. Exp. Sta. Mem. 120: 1-50. /. 1-11. D 1928. 
Kenoyer, L. A., & Standley, P. C. Supplement to the flora of 
Barro Colorado Island, Panama. Field Mus. Nat. Hist. 
Bot. Publ. 4: 143-158. pi 11-15. 5 J1 1929. 

Killip, E. P., & Smith, A. C. The genus Virburnum in north¬ 
western South America. Bull. Torrey Club 56: 265-274. 
“My” 15 JI 1929. 

King, C. J., & Loomis, H. F. Cotton root-rot investigations 
in Arizona. Jour. Agr. Res. 39: 199-221. f. 1-17. 1 Au 
1929. 

Krantz, F. A., & Hutchins, A. E. Potato breeding methods. 
II. Selection in inbred lines. Univ. Minnesota Agr. Exp. 
Sta. Tech. Bull 58: 1-23. pi. 1-3. Ap 1929. 

Lammerts, W. Interspecific hybridization in Nicotiana IX. 
Further studies of the cytology of the backcross progenies 
of the paniculata-rustica, hybrid. Genetics 14: 286-304. 
f. 1-14. My 1929. 

LeClerg, E. L., & Durrell, L, ¥. Vascular structure and 
plugging of alfalfa roots. Colorado Agr. Exp. Sta. Bull 
339: 1-19. /. 1-16. 0 1928, 
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Lee, A. The toxic substance produced by the eye-spot fungus 
of sugar cane, Helminthosporium Sacchari Butler. Plant 
Physiology 4: 193-212. /. 1, 2. Ap 1929. 

Lemee, A. Dictionnaire descriptif et synonymique des genres 
de plantes phanerogames Vol. I. i-xxxi, 1-896. Brest, 1929. 
Lesley, J. W., & Lesley, M. M. Chromosome fragmentation 
and mutation in tomato. Genetics 14: 321-336. /. 1-12. 
1 J1 1929. 

Levine, M. A comparison of the behavior of crown gall and 
cancer transplants. Bull. Torrey Club 56: 299-314. pi. 
12 , 13. “Je” 2 Au 1929. 

Lincoln, F. B., & Mulay, A. S. The extraction of nitrogenous 
materials from pear tissues. Plant Physiology 4: 233-250. 

. Ap 1929. 

Lindsay, R. H. The chromosomes of some dioecious angio- 
sperms. Proc. Nat. Acad. Sci. 15: 611-613. 15 J1 1929. 
Linford, M« B. A Fusarinm wilt of peas in Wisconsin. Wis¬ 
consin Agr. Exp. Sta. Res. Bull. 85: 1-44. /. 1-15. Je 1928. 
Macbride, J. F. A plea for the conservation of Muhlenbeckia . 

Jour. Washington Acad. Sci. 19: 302-303. 19 Au 1929. 

Macbride, J. F. Spermatophytes, mostly Peruvian from the 
Captain Marshall Field expeditions to Peru. Field Mus. 
Nat. Hist. Bot. Publ. 4: 165-193. 5 J1 1927. 

Includes Marshallfieldia gen. nov, and 39 new species in various genera. 

Me Clure, F. A. Further note on persimmons in Kwangtung. 

Lingnaam Agr. Rev. 4: 189. J1 1927. 

Me Clure, F. A. Some preliminary notes on persimmons in 
Kwangtung. Lingnaam Agr. Rev. 3: 91-98. f. 1-17 . 
16 Ap 1926. 

Me Clintock, B. Chromosome morphology in Zea Mays. 

Science II. 69: 629. /. 1. 14 Je 1929. 

Me Crea, A. The effect upon Digitalis purpurea of radiation 
through solarized ultra-violet-transmitting glass. Science 
II. 69: 628-629. 14 Je 1929. 

Me Intyre, A. C. A cone and seed study of the mountain pine 
{Finns pungens Lambert). Am. Jour. Bot. 16: 402-406. 
pi 36. “Je” 18 J1 1929. 

Me Kenney, M. Mushrooms of field and wood, i-xxiii, 1-193. 
/. 1-50. 1929. 
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MarteMI, U. The Pandanaceae collected for the Arnold Arbore¬ 
tum by L. J. Brass in New Guinea. Jour. Arnold Arbor. 
10: 137-142. pi. 18. J1 1929. 

Describes new species in Freycinetia (1) and Pandanus (5). 

Miller* R. B., & Tehon, L. R. The native and naturalized trees 
of Illinois. Illinois Nat. Hist. Surv. Bull. 18: 1-339. 
pL 1-98 +/. 1-149. 1929. 

Molfino, J. F. Carlos Spegazzini su vida y su obra. An Soc. 

Cien. Argentina 108: 7-77. portrait. J1 1929. 

Molfino, J. F. Novedades micologicas Argentinas. An. Soc. 

Cien. Argentina 108: 132-1387/. 7, 2. J1 1929. 

Molfino* J. F. Una nueva especie de “Agonandra.” An. Soc. 
Cien. Argentina 108: 139-142. Must. J1 1929. 

Agonandra Spegazzinii sp. nov. is described. 

Morrison, B. Other gigantea hybrids. Jour. Heredity 20: 308. 
J1 1929. 

Mowery, M, Development of the pollen grain and the embryo 
sac of Agropyron repens. Bull. Torrey Club 56: 319-324. 
pi. 14. “Je” 2 Au 1929. 

Murneek, A. E. Hemicellulose as a storage carbohydrate in 
woody plants, with special reference to the apple. Plant 
Physiology 4: 251-264. /. 1-5. Ap 1929. 

Nicastro, C. II Mate o Te del Paraguay ( Ilex paraguariensis 
St. Hil.) Part II. Cenni Bot. 1’Agr. Coloniale 22: 415-417. 
N 1928; 23: 67—74. F 1929; 221-230. My 1929; 277-281. 
Je 1929; 369-381./. A, B. Au 1929. 

Nightingale, G. T., & Robbins, W. R. Some phases of nitrogen 
metabolism in polyanthus narcissus. New Jersey Agr. 
Exp. Sta. Bull. 472: 1-32. /. 1-14. Au 1928. 

Nightingale, G, T., Schermerhorn, L. G., & Robbins, W. R. 
The growth status of the tomato as correlated with 
organic nitrogen and carbohydrates in roots, stems, and 
leaves. New Jersey Agr. Exp. Sta. Bull. 461: 1-38./. 1- 
26. S 1928. 

Osterhout, W. J. V., & Harris, E. S. The concentration effect 
in Nitella. Jour. Gen. Physiol. 12: 761-781. /. 1-12. 
20 J1 1929. 

Parlin, J. C. Some biological notes from Maine. Bryologist 
32: 32-34. Mr 1929. 
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Peckham, E. A. American Iris-breeders. Jour. N. Y. Bot. 
Gard. 30: 137-143. Je 1929. 

Peebles* R. H. Hairy bolls and nectaries in a hybrid cotton 
Jour. Heredity 20: 341-347. f. 16-21 . J1 1929. 

Perry* L. M. A tentative revision of Alchemilla\ Lachemilla. 
Contr. Gray Herb. 84: 1-57. 18 J1 1929. 

Describes 10 new species and several new varieties. 

Peto, F. H. Chromosome numbers in the Agropyrons. Nature 
124: 181-182. /. 7. 3 Au 1929. 

Peirce, G. J. To demonstrate the course of sap ascent in 
plants. Science II. 69: 186-187. 15 F 1929. 

Phillips, A. Life-forms and biological spectra of the flora 
of Bacon’s swamp, Indiana. Butler Univ. Bot. Studies 
4: 41-53. Must. Je 1929. 

Pierce, W. EL, & Hungerford, C. W. A note on the longevity 
of the bean mosaic virus. Phytopathology 19: 605-606. 
Je 1929. 

Porter, C. L., & Woollett, M. L. The relation of Cladonia 
mats to soil moisture. Torreya 29: 69-71. “My-Je” 
J1 1929. 

Randolph, L. F. Chromosome numbers in Zea Mays L. Cornell 
Agr. Exp. Sta. Mem. 117: 1-44. pi. 1-3 . Je 1928. 

Reed, A. L. The significance of Japanese names for Iris. 

Bull. Am. Iris Soc. 32: 13-20. Ji 1929. 

Reed, G. M. One hundred Japanese Irises—more or less. 

Bull. Am. Iris Soc. 32: 1-12. Must. Jl 1929. 

Rehder, A. Two new Rhododendrons of the Tsutsutsi section. 

Jour. Arnold Arbor. 10: 182-184. Jl 1929. 

Roberts, H. F. Plant hybridization before Mendel, i-xiv, 
1-374. pi. 1-48. Princeton, N. J., University Press, 1929. 
Robertson, C. Flowers and insects. Lists of visitors of four 
hundred and fifty-three flowers. 1-221. Carlinville, Ill. 
(Science Press Printing Co., Lancaster, Pa.) 1928. 
Robinson, T. R., & Darrow, G. M. A pink poinsettia chimera. 

Jour. Heredity 20: 335-339. /. 13-15. Jl 1929. 

Rosa, J. T. The inheritance of flower types in Cucumis and 
Citrullus . HilgardiaS: 233-250. /. 1-6. Ap 1928. 

Rosen, H. R., & Shaw, L. Studies on Sclerotium Rolfsii , 
with special reference to the metabolic interchange be- 
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tween soil inhabitants. Jour. Agr. Res. 39: 41-61. f. 1-7, 
1 Ji 1929. 

Rumbold, C. T« Blue-staining fungi found in the United 
States. Phytopathology 19: 597-599. Je 1929. 

Rydberg, P. A. (Rosales) Fabaceae. Galegeae (pars). N. Am. 
Flora 24: 315-378. 15 My 1929; 379-462. 26 Jl 1929. 

Includes Hesperonix and Pisophaca , n. gen. and 81 new species in various 
genera. 

Sanchez, B a L. Smtomas externos de las enfermedades de las 
plantas. Rev. Agr. Puerto Rico 12: 235, 237. Je 1929. 
Sandwith, N. Y. Spaeralcea creeana. Kew Bull. Misc. Inf. 1929: 
203-204. 1929. 

Savastano, G., & Fawcett, H. S. A study of decay in Citrus 
fruits produced by inoculations with known mixtures of 
fungi at different constant temperatures. Jour. Agr. Res. 
39: 163-198. f. 1-10, 1 Au 1929. 

Sehaffner, J, EL Field manual of the flora of Ohio. 1-638. 

Columbus, Ohio, R. G. Adams Co., 1928. 

Schertz, F. M. The effect of potassium, nitrogen and phos¬ 
phorus fertilizing upon the chloroplast pigments, upon 
the mineral content of the leaves, and upon production 
in crop plants. Plant Physiology 4: 269-279. Ap 1929. 
Schlechter, R., & Mansfield, R. Figuren-atlas Orchideenfioren 
der Siidamerikanischen Kordillerenstaaten (Fedde Rep. 
Beiheft 6-10). Repert. Spec. Nov. Beih, 57: pi. 1—48, 
1929. 

Schwartz, M. B. The twig wilt and the vascular disease of 
the elm. (Translated by L. D. Kelsey.) Bartlett Res. 
Lab. Bull. 1: 5-25, f. 1-6. An 1928. 

Schweinfurth, C. Orchids collected by J. F. Rock on the 
Arnold Arboretum expedition to northwestern China and 
northeastern Tibet. Jour. Arnold Arbor. 10: 169-174. T! 
1929. 

Amesia longibracteata and Oreorchis Rockii are described as new species. 

Sellschop. J. P. F. A mutation in Gloeosporium . Phytopath¬ 
ology 19: 605. /. i. Je 1929. 

Severin, BL EL P. Additional host plants of curly top. Higlardia 
3: 595-636. pi 1-4+f, 1-25 . Mr 1929. 
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Severin, H. 3EL P. Curly top symptoms on the sugar beet. 
Univ. California Agr. Exp. Sta. Bull. 465: 1-35. pi. 1-4 + 
/. 1-13 . Mr 1929. 

Severin, H. H. P. Yellows disease of celery, lettuce, and 
other plants, transmitted by Cicadula sexnotata (Fall.). 
Hilgardia 3: 543-592. pi. 1-6+f. 1-15. F 1929. 

Severin, H. H. P., & Henderson, C. F. Some host plants of 
curly top. Hilgardia 3: 339-392. pi. 1-4+f . 1-24 . Je 
1928. 

Seward, A. C. The vegetation of Greenland: as it is and as it 
was. 1-11, London, Roy. Inst. Gr. Britain, 1929. 

Shaw, F. W. The classification of the genus Monilia. Am. 
Nat. 62: 478-479. S 1928. 

Shaw, M. C. Oaks of the Pacific slope. Gard. Chron. Am. 33: 
280-281. illust . Au 1929. 

Shoemaker, J. S. Cherry pollination studies. Ohio Agr. Exp. 

Sta. Bull. 422: 1-34. /. 1-5. J1 1928. 

Showalter, A, M. Studies in the cytology of the Anacrogynae. 
V. Hybrid fertilization in Riccardia pingius . La Cellule 
33: 295-348. pi. 1-5+/. 1-29. 1928. 

Simmonds, P. M. Studies in cereal diseases III. Seedling 
blight and foot-rots of oats caused by Fusarium culmorum 
(W. G. Sm.) Sacc. Canada Dep. Agr. Bull. 105: 1-43. 
pi. 1 , 2+f. 1-15. 1928. 

Small, J. K. The coconut-palm— Cocos nucifera. Jour. N. Y. 
Bot. Gard. 30: 153-161. /. 1 . J1 1929; 194-203. /. <?, 9. 
Au 1929. 

Smith, L. H., & Brunson, A. M. Experiments in crossing 
varieties as a means of improving productivness in corn. 
Univ. Illinois Agr. Exp. Sta. Bull* 306: 375-386. My 1928. 
Sorokin, H. Idiograms, nucleoli, and satellites of certain 
Ranunculaceae. Am. Jour. Bot. 16: 407-420. pi, 37,38. 
“Je” 18. J1 1929. 

Soth, Mrs. M. E. Some western parsnips. Am. Bot. 35: 93™ 
97. J1 1929. 

Spegazzini, C. Nuevas orientaciones de la nosologia vegetal. 

An. Soc. Cient. Argentina 108: 82-89. J1 1929. 

Sprague, H. B«, & Shive, J. W. A study of the relations be¬ 
tween chloroplast pigments and dry weights of tops in 
Dent corn. Plant Physiology 4: 165-192. Ap 1929. 
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Sprague, T. A. Lisianthus Francisiae. Kew. Bull. Misc. Inf. 
1929: 8-9. 1929. 

From British Honduras. 

Sprague, T. A* Lobelia Sinaloae. Kew Bull. Misc. Inf. 1929: 
7-8. 1929. 

A plant from Mexico. 

Stallings, J. H. Soil type and crop adaptation. Soil Sci. 

28: 101-122. pi. 1~7 . Au 1929. 

StebMns, G. L. Jr. Lomatogonium rotatum (L.) Fries in Maine. 
Rhodora 31: 143. 8 J1 1929. 

Stebbins, G. L. Jr. Some interesting plants from Mt. Katahdin. 

Rhodora 31: 142-143. 8 J1 1929. 

Steiner, G., & Dodge, B. 0. The bulb- or stem-nematode 
( Tylenchus dipsaci Kuhn) as a pest of phlox. Jour. N. Y. 
Bot. Card. 30: 177-184. /. 1-4 . Au 1929. 

Stevens, N. E. A method of testing the keeping quality of 
certain small fruits. Phytopathology 19: 593-596. Je 
1929. 

Stewart, P. H., & Gross, D. L. Smut control in cereals. 

Nebraska Agr. Col. Ext. Circ. 132: 1-13. f. 1-8. J1 1929. 
Stillinger, C. R. Dasyscypka fusco-sanguinea Rehm on western 
white pine, Pinus monticola Dough Phytopathology 19: 
575-584. pi. 12+f . 1 . Je 1929. 

St John, H. New and noteworthy northwestern plants. 
Part 2. State Col. Washington Res. Stud. 1: 59-64. 28 
Je 1929. 

St. John, H. Plants of the headwaters of the St. John River, 
Maine. State Col. Washington Res. Stud. 1: 28-58. pi. 
2,3+f.l. 28 Je 1929. 

Stout, A. B. The fulvous daylilies. I. Jour. N. Y. Bot. Card. 
30: 129-136. /. 4. Je 1929; II. The wild fulvous daylilies 
of the orient. 185-194. /. 5-7. Au 1929. 

Stout, A. B. Hemerocallis aurantiaca. Addisonia 14: 25-26. 
pi. 461. 25 Je 1929. 

Stout, A. B. Hemerocallis Dumortierii. Addisonia 14: 27-28. 
pi. 462. 25 Je 1929. 

Stout, A. B. Hemerocallis flava. Addisonia 14: 17-18. pi. 457. 
25 Je 1929. 
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Stout, A. B. Hemerocallis fulva cion maculata. Addisonia 14: 
23-24. pi 460 . 25 Je 1929. 

Stout, A. B. Hemerocallis Middendorffii. Addisonia 14: 29-30. 
pi 463 . 25 Je 1929. 

Stout, A* B. Hemerocallis minor. Addisonia 14: 19-20. pi. 
458 . 25 Je 1929. 

Stout, A. B. Hemerocallis multiflora. Addisonia 14: 31-32. 
pi. 464. 25 Je 1929. 

Stout, A. B. Hemerocallis Thunbergii. Addisonia 14: 21-22. 
pi. 459. 25 Je 1929. 

Stout, A. B., & Susa, T. Chromosome irregularities in relation 
to sterility in Hemerocallis fulva cion Europa. Ann. N. Y. 
Acad. Sci. 31: 1-30. pi. 1-3. 15 J1 1929. 

Street, J. F. The orchids of the New Jersey pine barrens. 
Year Book Acad. Nat. Sci. Philadelphia 1928: 20-25. 
Must. 1929. 

Summerhayes, V. S. Ficus species collected for the Arnold 
Arboretum in New Guinea by L. J. Brass. Jour. Arnold 
Arbor. 10: 142-154. J1 1929. 

Includes descriptions of 13 new species. 

Svenson, H. K. Monographic studies in the genus Eleocharis. 
Rhodora 31: 122-135. 8 J1 1929; 152-163. pi. 188. “Au” 
27 J1 1929; 167-191. pi 189. 16 S 1929; 199-219. pi 190 . 
23 O 1929; 224-242. pi 191. N 1929. 

Contributions from the Gray Herbarium—LXXXVI. 

Swingle, C. F. A physiological study of rooting and callusing 
in apple and willow. Jour. Agr. Res. 39: 81-128. f. 1-17. 
15 J1 1929. 

Taubenhaus, J. J., Dana, B. F., & Wolff, S. E. Plants suscept¬ 
ible or resistant to cotton root rot and their relation to con¬ 
trol. Texas Agr. Exp. Sta. Bull. 393:1-30. /. 2-5 F 1929. 
Taubenhaus, J. J., Ezekiel, W. N., & Killough, D. T. Relation 
of cotton root rot and Fusarium wilt to the acidity and 
alkalinity of the soil. Texas Agr. Exp. Sta. Bull. 389: 1-19. 
/. 7-5. N 1928. 

Taylor, N. The Bosque at Para. Torreya 29: 59-65. Must. 
“My-Je” J1 1929. 

Teakle, L. J. H. The absorption of phosphate from soil and 
solution cultures. Plant Physiology 4: 213-232. /. 1-4 . 
Ap. 1929. 
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Teng, S. C. Rhizoctonosis of Lobelia. Phytopathology 19: 
585-588. pi. 13. Je 1929. 

Tidestrom, I., & Dayton, W. A. A new Silene from the Umpqua 
National forest. Proc. Biol. Soc. Washington 42: 207—208. 
pi 8. 17 Au 1929. 

Thomas, H. E., & Mills, ¥, D. Three rust diseases of the apple. 
Cornell Agr. Exp. Sta. Mem. 123: 1-21. pi. 1 , 2+f. 1-3, 
Mr 1929. 

Tilford, P. Ohio potato diseases. Ohio Agr. Exp. Sta. Bull, 
432: 1-38. /. 1-22. Mr 1929. 

Toro, R. A. Notas micologicas Colombianas. Rev. Soc. 

Colombiana Cien.Nat. 18: 42-43. My 1929. 

Torrey, R. EL Interesting plants on the Appalachian trail on 
Kittatiny mountain, New Jersey. Torreya 29: 113-114. 
Au 1929. 

Torrey, R. H. Only New Jersey stand of Sibbaldiopsis iri- 
dentata destroyed. Torreya 29: 72-73. “My-Je” J1 1929, 
Torrey, R. H. Vagnera stellata growing in dune sand. Torreya 
29: 114-115. Au 1929. 

Transeau, E. N., & Williams, P. E. Distribution maps of certain 
plants in Ohio. Ohio Biol. Surv. Bull. 4: 181-216. Je 1929. 
Trelease, W. Plant materials of decorative gardening. The 
woody plants, i-xliii, 1-188. Urbana, Ill., 1926. 

Trotter, L. B. C. Encalypta streptocarpa Hedw., with gemmae. 

Bryologist 32: 35-37. pi 2 . Mr 1929. 

True, R. H. A sketch of the life of John Bradbury, including 
his unpublished correspondence with Thomas Jefferson. 
Proc. Am. Philos. Soc. 68: 133-150, 1929, 

Tuilis E. C. Studies on the overwintering and modes of in¬ 
fection of the fire blight organism, Michigan Agr. Exp, 
Sta. Tech. Bull. 97: 1-32. pi 1 } 2+f . 7, 2. Ap 1929. 
IJphof, J. C. T. Dendrologische Notizen aus dem Staate 
Florida I. Mittel-Florida, Mitt. Deuts. Dendrol, GeselL 
34: 207-218. pi 25, 26, ittust. 1924. 

Weatherwax, P. The morphological nature of teopod corn. 

Jour. Heredity 20: 325-330. /. 6-9, J1 1929. 

Weaver, J, E., & Bruner, W. E. Root development of vegetable 
crops. I-xiii, 1-351. /. 1-94. New York, McGraw-Hill 
Co., 1927. 
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Weatherby, C. A. Two variants of Ranunculus recurvatus. 

Rhodora 31: 163-164. “Au” 27 J1 1929. 

Weber, G. F. } & Foster, A. C. Diseases of lettuce, roraaine, 
escarole, and endive. Florida Agr. Exp. Sta, Bull. 195: 
303-333. /. 124-141. Ap 1928. 

Wells, B. W., & Skunk, I. V, A southern upland grass-sedge 
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Hew physiologic races of the oat smuts 1 
George M. Reed 

In earlier publications I have described the occurrence of 
specialized races of both loose (Ustilago Avenue (Pers.) Jens), 
and covered ( U. levis (K. & S.) Magn.) smuts of oats, which 
are distinguished by their different capacity for infecting oat 
varieties. The evidence recorded in the first paper (Reed, 1924) 
showed the existence of two distinct races of each of these 
smuts. The data were secured by the inoculation of several 
varieties of oats with a collection of each smut from Columbia, 
Missouri, and a second collection from Aberystwyth, Wales, 
which was sent to me by Miss Kathleen Sampson. The dis¬ 
tinctive behavior of these two smuts was also confirmed by 
Miss Sampson (1925), who used them for inoculating several 
varieties of oats at the Welsh Plant Breeding Station. In a 
second paper (Reed, 1927), specialized races of loose smut which 
attacked Fulghum and Red Rustproof oats, belonging to the 
Red Oat Group, were described. These varieties had shown 
an unusually high degree of resistance to the other races, but 
Fulghum was severely attacked by collections of smut from 
Tennessee, Oklahoma, and Texas, and Red Rustproof by a 
different collection from Texas. Miss Sampson (1929) has 
recently recorded the occurrence of a new race of loose smut, 
characterized by its capacity for infecting Avena brevis and 
A. strigosaj and has also isolated another race of the covered 
smut. Rodenhiser (1928) has recorded differences in the cultural 
chera'cteristics of collections of both loose and covered smut. 

During the past few years I have been accumulating addi¬ 
tional data on the general problem of physiologic specializa¬ 
tion in the smuts of oats. A large number of collections of 
both loose and covered smuts have been obtained from various 
sources, and their capacity for infecting oat varieties has been 
determined. The result has been to demonstrate the existence 
of a large number of new races which can be distinguished by 
their varying ability to infect varieties of oats. 

Extensive tests with my original collection of loose and 
covered smut from Missouri have been made on a large number 

1 Brooklyn Botanic Garden Contributions no. 57. 
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of oat varieties (Reed, 1920; Reed, Griffiths, and Briggs, 1925). 
In the more recent studies, relatively few kinds of oats have 
been used, but they have served to show the main features of 
specialization. It is quite possible that if a larger number of 
varieties were grown in the experiments, additional evidence 
on the specialization of the various smut collections might be 
secured. 

The methods employed have been similar to those used in 
previous studies. The inoculated plants have been grown to 
maturity, both in the greenhouse and in the field. Separate 
lots of seed were inoculated with the spores of the different 
smut collections. The inoculated seed was then planted in 
sand with a soil moisture of 20 per cent of its water-holding 
capacity, covered to a depth of about one inch, and germinated 
in a constant-temperature tank at 20°C. Earlier studies (Reed 
and Paris, 1924) have shown that these environal conditions 
are very favorable for securing high percentages of infection 
with the oat smuts. In most of the experiments, twenty seeds 
were planted in each container. The seedlings emerged ordi¬ 
narily in four days and soon thereafter were transplanted to 
the greenhouse benches or to the field, where they were grown 
to maturity. 

In most cases, two or more different experiments were 
carried out with each smut collection. Generally one or more 
series was carried to maturity in the greenhouse, and others 
in the field. The results, however, are combined in the tables. 
Since twenty seeds were usually inoculated in each experiment, 
the number of plants recorded in the tables indicates, to some 
extent at least, the number of different, tests which were made 
with a particular variety and collection of smut, 

It was usual to obtain high percentages of infection with 
varieties susceptible to a particular collection of smut. An 
examination of the tables will reveal the fact that frequently 
one hundred per cent of the inoculated plants were smutted. 
Every collection of each smut gave the.se high percentages with 
one or more oat varieties. Evidently favorable conditions for 
infection were secured, and thus the evidence for the specializa¬ 
tion was conclusive. 

In a number of the experiments only an occasional infected 
plant of a variety was observed. This may be accounted for 
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in different ways. For one thing, it is possible that an occasional 
seed was contaminated with smut from some unknown source. 
The fact that several collections of smuts were grown more 
or less adjacent to each other may account for some possible 
contamination. The second possibility is that an occasional 
stray seed of some variety was accidentally mixed -with another 
and used in the planting. Usually, there was no way of detect¬ 
ing such mixtures, since the heads and grain of the infected 
plants were destroyed. There is also the third possibility that 
a resistant variety may, under exceptionally favorable condi¬ 
tions, be infected by a race of smut which ordinarily does not 
attack it. In a few cases we have conclusive evidence of this 
fact, since careful experiments have been tried out in which 
there was no possibility of accidental contamination of the 
seed or accidental mixtures of varieties. 

PHYSIOLOGIC RACES OF USTILAGO A VENAE 

The data for fifteen collections of loose smut are recorded 
in tables 1 to 5. In the tables 2 to 5 there are given the detailed 
results of the number of plants inoculated, the number infected 
and the percentage infected, while in the first table the com¬ 
bined results are given in order to show the peculiar behavior 
of the different varieties. One or more varieties or strains of 
seven different species of the genus Avena are included in these 
experiments, and the results indicate clearly the existence of 
a large number of specialized races of the loose smut. 

A few general statements regarding the reaction of the 
different varieties to these collections of loose smut may be 
made. Avena barbata has proved to be exceedingly susceptible 
to all the collections with which it has been tested. Twelve 
of the fifteen collections have been used to inoculate this spe¬ 
cies, and in most cases one hundred per cent infection has been 
secured. The lowest percentage was obtained with Collection 
No. 4, in which 31 out of 49 plants (63.2 per cent) were infected. 

One strain of Avena brevis was inoculated with all of the 
fifteen collections, and in every case proved to be entirely 
resistant; no infected plants were observed in any of the experi¬ 
ments. 

Among the varieties of Avena sativa r two—Black Mesdag 
and Markton—stand out as completely resistant. Black Mes- 
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dag was tested with all fifteen collections, and Markton with 
all of them except No. 3, and no infected plants of either of 
these varieties were obtained in any of the experiments. 

TABLE 1 

Summary of results with Ustilago A venae (Pers .) Jens A 


SPECIES AND VARIETY 

SEED 

NO. 

PHYSIOLOGIC RACE 

I 

II 

III 

IV 

: 

V 

VI 

VII 

vni 

IX 

X 

XI 

Missouri 

France 

Kansas 

France 

Tunis 

Germany 

England 

Germany 

Wales 

France 

Tennessee 

Oklahoma 

Texas 

Texas 

France 

COLLECTION NUMBER 

1 

5 

16 

6 

11 

9 

8 

10 

7 

4 

12 

13 

14 

IS 

3 

A vena barbata Brot. 

830 

5 

5 

__ 

— 

5 

_ 

t 5 

5 

5 

4 

5 

5 

5 

4 

5 

A vena brevis Roth. 

289 

0 

0 

0 

0 

0 

0 

S 0 

0 

0 

0 

0 

0 

0 

0 

0 

A vena mida L. 

















Hull-less. 

30 

5 

5 

4 

4 

4 

5 

5 

2 

1 

1 

5 

4 

4 

0 

0 

Liberty. 

292 

5 

4 

5 

5 

4 

5 

5 

0 

0 

0 

2 

2 

3 

0 

— 

A vena orientaUs Schreb... . . 

246 

5 

5 

0 

1 

0 

0 

0 

0 

1 

0 

1 

3 

3 

0 

— 

Green Mountain .... 

110 

5 

5 

5 

5 

5 

5 

0 

1 

0 

0 

■—• 

— 

— 

— 

— 

A vena saliva L. 

















Bicknell.. 

341 

2 

1 

— 

1 

4 

1 

1 

1 

1 

1 

5 

3 

5 

1 

— 

Black Diamond. 

116 

5 

5 

5 

1 

2 

0 

1 

1 

2 

2 

5 

4 

5 

1 

— 

Black Mesclag. 

70 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Black Norway.. 

118 

4 

5 

1 

4 

5 

5 

5 

5 

1 

0 

— 

— 

— 

— 

— 

Canadian.. 

119 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

1 

Early Champion. 

150 

5 

5 

5 

3 

4 

4 

2 

4 

1 

3 

— 

— 

— 

0 

— 

Early Gothland. 

152 

5 

4 

1 

1 

0 

0 

1 

0 

1 

0 

0 

3 

3 

0 

0 

Green Russian. 

316 

4 

3 

5 

0 

0 

0 

0 

1 

0 

0 

0 

1 

2 

— 

— 

Jeanette. 

187 

0 

0 

5 

3 

0 

0 

0 

0 

1 

4 

0 

0 

0 

0 

— 

Markton.. 

752 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

— 

Monarch.. 

161 

1 

1 

5 

3 

2 

1 

1 

1 

1 

2 

2 

3 

1 

0 

0 

Monarch Selection. 

162 

5 

3 

5 

2 

0 

1 

0 

0 

1 

1 

— 

— 

*— 

— 

— 

Nebraska No. 21.. 

280 

4 

4 

4 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

0 

— 

Rossman. 

322 

5 

3 

0 

1 

0 

0 

1 

o S 

1 

1 

0 

2 

1 

_ 

— 

Scottish Chief. 

124 

3 

3 

4 

3 

4 

4 

3 

0 

l 

0 

1 

2 

1 

0 

0 

Trisperma. 

64 

5 

4 

5 

5 

5 

5 

5 ! 

4 

0 

0 

4 

1 

3 

0 

— 

Victor. 

126 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

3 

4 

1 

2 

A vena stenlis L.. 

















Burt. 

175 

1 

1 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

1 

1 


Fulghum. 

129 

1 

0 

-; 

0 

0 

1 

0 

0 

1 

0 

4 

4 

4 

0 

0 

Navarro. 

946 

0 l 

— 

— 

—. 

— 

— 

— 

— 

0 


0 

0 

0 

0 

— 

Red Rustproof. 

131 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

4 

0 

A vena striama Schreb. 

587 

2 

0 

0 

0 

l 

0 

1 

0 

t 0 1 

1 

0 

0 

0 

0 


0 


a In the body of this table numerals are used as symbols with the following significance: 

—=No trial 2*11-25 per cent 3 *75-100 per cent: 

0=No infection 3 *26-50 per cent 

1*1-10 per cent 4=51-75 per cent. 

The other oat varieties inoculated gave quite different 
results with the various collections of smuts, and thus served 
to differentiate the specialized races. 

Race I is based upon Collection No. 1. The original col¬ 
lection was made many years ago near Columbia, Missouri, 
and has been used in extensive experiments year after year. 
Its capacity for infecting a large number of varieties of oats 
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belonging to the various species has been determined, and most 
of them are more or less susceptible to this race of smut, 
relatively few being resistant (Reed, 1920; Reed, Griffiths, and 
Briggs, 1925). It has also been used in the earlier studies of 
physiologic specialization (Reed, 1924, 1927). 

In the present experiments, only a few varieties or strains 
which seemed to be significant for the present purposes were 
included in the tests. Two varieties belonging to Avena nuda 

TABLE 2 

Results with Ustilago Avenue ( Pers .) Jens. 


SPECIES AND VARIETY 

SEED 

NO. 

A venae no. 1 
Missouri 

A venae no. 5 
France 

A venae no. 16 
Kansas 

No. 

pi. 

No. 

inf. 

inf. 

No. 

pi. 

No. 

inf. 

% 

inf. 

No. 

pi. 

No. 

inf. 

.% 

mf. 

Avena harbata Brot. 

830 

38 

38 

100.0 

18 

17 

94.4 

— 

_ 

_ 

Avena brevis Roth. 

289 

84 

0 

0 

53 

0 

0 

20 

0 

0 

Avena nuda L. 











Hull-less. 

30 

126 

116 

92.0 

96 

75 

78.1 

37 

27 

72.9 

Liberty. 

292 

18 

17 

94.4 

18 

12 

66.6 

18 

15 

83.3 

Avena orientalis Schreb. 

246 

104 

102 

98.0 

71 

54 

76.0 

37 

0 

- 0 

Green Mountain. 

110 

18 

18 

100.0 

18 

IS 

100.0 

14 

14 

100.0 

Avena saliva L.. 











Bicknell. 

341 

83 

17 

20.4 

36 

1 

2.7 

— 

— 

— 

Black Diamond. 

116 

52 

46 

88.4 

14 

14 

100.0 

17 

15 

88.2 

Black Mesdag. 

70 

102 

0 

0 

78 

0 

0 

20 

0 

0 

Black Norway. 

118 

53 

30 

56.6 

19 

18 

94.7 

16 

1 

6.2 

Canadian... 

119 

149 

148 

99.3 

101 

88 

87.1 

39 

39 

100.0 

Early Champion. 

ISO 

20 

20 

100.0 

37 

37 

100.0 

39 

39 

100.0 

Early Gothland.___ 

152 

127 

121 

95.2 

77 

51 

66.2 

40 

1 

2.5 

Green Russian. 

316 

55 

34 

61.8 

35 

15 

42.8 

20 

19 

95.0 

Joanette. .... 

187 

65 

0 

0 

35 

0 

0 

39 

34 

87.1 

Markton... 

752 

50 

0 

0 

47 

0 

0 

20 

0 

0 

Monarch. 

161 

145 

1 

0.6 

93 

2 

2.1 

55 

51 

92.7 

Monarch Selection.... 

162 

53 

47 

88.6 

40 

20 

50.0 

39 

33 

84,6 

Nebraska No, 21. 

280 

43 

31 

72.0 

52 

29 

55.7 

38 

25 

65.7 

Rossman... . 

322 

58 

57 

98.2 

43 

20 

46.5 

20 

0 

0 

Scottish Chief ... 

124 

125 

39 

31.2 

76 ! 

36 

47.3 

40 

27 

67.5 

Trisperma . 

64 

62 

52 

83.8 

27 

16 

59.2 

18 

15 

83.3 

Victor ... 

126 

106 

105 

99.0 

76 

59 

77.6 

20 

20 

100.0 

Avena sterilis L . . 











Burt . 

175 

52 

2 

3.8 

44 

2 

4.5 

10 

0 

0 

Fulghum. . . 

129 

87 

3 

3.4 

57 

0 

0 

— 

—. 

—, 

Navarro..... 

946 

17 

0 

0 

— 

— . 

— 

•— 

,—' 

'—- 

Red Rustproof _ .... 

131 

98 

0 

0 

63 

0 

0 

18 ! 

o .! 

0 

Avena slrigosa Schreb. . .... 

587 

94 

19 

20.2 

76 

0 

0 

18 

0 

0 


were inoculated, and both proved to be highly susceptible. 
The same is true of the two varieties of A. orientalis. Seven¬ 
teen varieties of A . saliva have been grown in the various ex¬ 
periments. In addition to Black Mesdag and Markton, two 
others stand out as distinctly resistant, namely, Joanette and 
Monarch. No infected plants of the former have been observed, 
while only one, in a total of 145 of the latter, has been obtained. 
The other varieties used have given comparatively high per¬ 
centages of infection, the lowest being secured with Bicknell 
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(17 infected plants out of a total of 83, or 20.4 per cent) and 
Scottish Chief (39 infected plants out of a total of 125, or 31.2 
per cent). 

This race has shown very slight capacity for infecting the 
varieties of the Red Oat Group, tests having been made with 
Burt, Fulghum, Navarro and Red Rustproof. Usually, entirely 
negative results have been secured, but occasionally a plant 
of Burt and Fulghum has been infected. The varieties of this 
group, however, stand out as strikingly resistant to this race 
of smut. 

Several varieties of Avena strigosa have been tested with 
this race, but only one of them, belonging to the subspecies 
glabrescens , has been used in comparison with the other collec¬ 
tions of loose smut. This strain has given very variable results 
with this race. In one experiment, a relatively high percentage 
of infection was obtained, while in four others, negative re¬ 
sults were secured. 

Another collection of loose smut, No. 5, has given results 
which closely parallel those just described. The original ma¬ 
terial of this collection was obtained by Dr. C. R. Hursh in 
June 1924 near Noisy de Roi, France. It has been tested out 
on all of the species and varieties except Navarro, and its 
behavior corresponds very closely with that of Collection No. 1. 
The only obvious difference is its failure to infect Bickneli and 
Avena strigosa. With the former variety, two tests were made 
in the field and only one plant out of 36 was infected. However, 
under similar conditions, Collection No. 1 gave practically 
negative results on this same variety. Four tests have been 
made with A, strigosa , and in no case did any infection occur. 
On the other varieties and species the collection behaved like 
No. 1. 

Race II is based on Collection No. 16. The material was 
collected at Hays, Kansas, in 1925 by Mr. F. A. Coffman 
and forwarded to me by Mr. T, R. Stanton. Office of Cereal 
Crops and Diseases, U. S. Department of Agriculture. Ac¬ 
cording to the original information, the smut was collected 
on the Burt oats. The smut, however, has shown no special 
capacity for infecting Burt oats or other varieties belonging 
to the Sterilis Group. However, the number of tests and plants 
of these varieties grown in the experiments was quite small. 
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The smut, however, stands out clearly from Race I. It 
infects severely both varieties of Avena nuda and Green Moun¬ 
tain, a Side Oat type, the other variety of this group giving 
entirely negative results. Three varieties of A. saliva, in addi¬ 
tion to Black Mesdag and Markton, namely, Black Norway, 
Early Gothland, and Rossman, gave practically negative re¬ 
sults. The other varieties tested usually gave high percentages 
of infection. 

From the positive standpoint, the outstanding features of 
this race are its capacity to infect Joanette and Monarch, two 
varieties completely resistant to Race I. With Joanette, 34 
out of 39 plants (87.1 per cent) and with Monarch, 51 out of 
55 plants (92.7 per cent) were infected. On the negative side, 
as already noted, it has failed to infect such varieties as Orien- 
talis (Seed No. 246), Black Norway, Early Gothland, and Ross¬ 
man, varieties which have usually given very high percentages 
of infection with Race I. Avena strigosa has also given entirely 
negative results. 

Race III is based on Collection No. 6. The -material was 
originally collected by Dr. Hursh in the same locality as col¬ 
lection No. 5. The evidence is clear, however, that it is a dis¬ 
tinct race. It has proved capable of Infecting both varieties 
of Hull-less oats. It has also severely infected Green Mountain, 
but the other Side Oat type gave practically negative results. 
Among the varieties of Avena saliva some, as Early Gothland, 
Green Russian, Nebraska No. 21, and Rossman, gave practical¬ 
ly no infection; other varieties, as Bicknell, Black Diamond, 
Early Champion, Monarch Selection, and Scottish Chief, 
gave relatively few infected plants. Severe infection of Joanette 
and Monarch was secured, and in this respect the race corres¬ 
ponds with the one previously described. It differs from this 
race, however, in its ability to infect Black Norway and also 
in giving practically negative results on Black Diamond. The 
varieties belonging to A. sterilis and A . strigosa all have proved 
to be resistant to it. 

Race IV is based on Collection No. 11. This was originally 
secured from contaminated oat seed received from Tunis. 
It also produces severe infection on the two varieties of the 
Hull-less Group and the Side Oat, Green Mountain. It is 
negative on Orientails (Seed No. 246) and also on Early Goth- 
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land, Green Russian, Joanette, Monarch Selection, and Ross- 
raan. It has severely infected Bicknell, Black Norway, Cana¬ 
dian, Early Champion, Scottish Chief, Trisperma, and Victor; 
Black Diamond, Monarch, and Nebraska No. 21 gave com¬ 
paratively low percentages of infection. It has also proved 
negative on the varieties of the Sterilis Group and Avena strigo - 
sa. It is very similar to Race II; it differs, however, In infect¬ 
ing much more severely Bicknell, less severely Monarch, and 
not at all infecting Joanette. 


TABLE 3 

Results with Ustilago A venae ( Pers .) Jens. 


SPECIES AND VARIETY 

SEED 

NO. 

Avenae no. 6 
France 

Avenae no. 11 
Tunis 

Avenae no. 9 
Germany 

Avenae no. 8 
England 

No. 

pi. 

No. 

inf. 

% 

inf. 

No. 

pi. 

No 

inf. 

' % 

inf. 

No. 

pi. 

No. 

inf. 

% 

inf. 

No. 

Pi 

No. 

inf. 

% 

inf. 

A vena barbala Brot. 

830 

_ 

_ 

_ 

15 

15 

100.0 

_ 

_ 

_ 

25 

25 

100.0 

Avena brevis Roth. 

289 

36 

0 

0 

50 

0 

0 

34 

0 

0 

79 

0 

0 

Avena nuda L. 














Hull-less. 

30 

83 

44 

53.0 

99 

52 

52.5 

81 

65 

80.2 

147 

113 

76.8 

Liberty.... 

292 

18 

14 

77.7 

19 

12 

63.1 

18 

14 

77.7 

20 

18 

90.0 

Avena orientalis Schreb.. 

246 

91 

1 

1.0 

66 

0 

0 

65 

0 

0 

85 

0 

0 

Green Mountain... 

110 

18 

: 17 

94.4 

18 

. 18 

100.0 

18 

18 

100.0 

16 

0 

0 

Avena sativa L.. 














Bicknell.... 

341 

30 

3 

10.0 

39 

27 

69.2 

32 

1 

3.1 

29 

1 

3.4 

Black Diamond.... 

116 

34 

3 

8.7 

15 

2' 

13.3 

16 

0 

0 

38 

1 

2.6 

Black Mesdag. 

70 

71 

0 

0 

69 

0 

0 

54 

0 

0 

126 

0 

0 

Black Norway. 

118 

19 

14 

73.6 

19 

15 

78.9 

19 

15 

78.9 

18 

16 

88.8 

Canadian. 

119 

90 

88 

97.7 

99 

93 

93.9 

69 

69 

100.0 

137 

134 

97.8 

Early Champion... 

150 

39 

12 

30.7 

40 

30 

75.0 

36 

26 

72.2 

37 

4 

10.8 

Early Gothland.... 

152 

99 

1 

1.0 

71 

0 

0 

57 

0 

0 

127 

2 

1.5 

Green Russian. 

316 

49 

0 

0 

35 

0 

0 

28 

0 

0 

55 

0 

0 

Joanette. 

187 

40 

17 

42.5 

37 

0 

0 

37 

0 

0 

36 

0 

0 

Mark ton. 

752 

57 

0 

0 

39 

0 

0 

46 

0 

0 

42 

0 

0 

Monarch. 

161 

91 

39 

42.8 

94 

13 

13.8 

62 

2 

3.2 

128 

5 

3.9 

Monarch Selection, 

162 

38 

5 

13.1 

38 

0 

0' 

38 

2 

5.2 

39 

0 

0 

Nebraska No. 21... 

280 

48 

0 

0 

51 

4 

7.8 

48 

4 

8.3 

51 

0 

0 

Rossman. 

322 

40 

1 

2.5 

40 

0 

0 

39 

0 

0 

34 

1 

2.9 

Scottish Chief. 

124 

96 

34 

35.4 

71 

47 

66.1 

78 

57 

73.0 

117 

55 

47.0 

Trisperma. 

64 

28 

28 

100.0 

20 

19 

95.0 

22 

22 

100.0 

14 

12 

85.7 

Victor. 

126 

74 

70 

94.5 

72 

56 

77.7 

54 

49 

90.7 

100 

93 

93.0 

Avena sterilis L. 














Burt... 

175 

61 

0 

0 

46 

0 

0 

35 

3 

8.5 

53 

1 

1.8 

Fulghum. 

129 

79 

0 

0 

76 

0 

0 

58 

1 

2.6 

131 

0 

0 

Red Rustproof. 

131 

76 

0 

0 

34 

0 

0 

53 

0 

0 

111 

1 

0,9 

Avena strigosa Sclireb.. . 

587 

46 

0 

0 

57 

1 

1.7 

36 

0 

0 

89 

4 

4.4 


Another collection, No. 9, has given results very similar to 
those obtained with No. 11. It was sent to me originally by 
Dr. Theo. Roemer, University of Halle, Germany, from material 
secured at Leipzig, Germany. It differs from the previous 
collection by its failure to produce a severe infection on Bick¬ 
nell, otherwise it runs quite close to this collection. It stands 
out from Race. II by its infection of Black Norway and the 
negative results obtained with Joanette and Monarch. 
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Race V is based upon Collection No. 8. The original material 
was sent to me by Dr. George H. Pethybridge, having been 
collected in August 1924 at Somerset, England. It is very 
similar to Race IV, but differs distinctly from that one in 
its inability to infect Green Mountain and Early Champion. 
These two varieties have usually given high percentages of 
infection with the races already described. With this race, 
however, only 4 plants out of 37 of Early Champion were 
infected, and none out of 16 of the Green Mountain. Practically 
negative results have been obtained with the oats of the Sierilis 
Group, and only 4 plants out of 89 of Avena strigosa have been 
infected. 

Race VI is based upon Collection No. 10. The original 
material was sent to me by Dr. Roemer, having been made at 
Dahlem, Germany. The race is distinguished by the fact that 
it is incapable of producing severe infection of the Hull-less 
oats. Green Mountain and Orientalis (Seed No. 246) also gave 
practically negative results. A considerable number of varieties 
of the Saliva Group of oats also proved to be resistant to this 
race; in fact, it proved to be capable of severely infecting only 
the varieties Black Norway, Canadian, Early Champion, 
Trisperma, and Victor. The results were negative on the Sierilis 
varieties and Avena strigosa . 

Race VII is based upon Collection No. 7. The data recorded 
in the table were secured from material received from Dr, 
Pethybridge who, however, obtained it from Miss Sampson 
in Wales. The smut is identical with that previously used in 
my experiments and supplied direct by Miss Sampson. The 
race stands out from those previously described by its failure 
to infect Avena nuda and A. orientalis. Many varieties of 
A. saliva , including Bicknell, Black Diamond, Black Norway, 
Early Champion, Early Gothland, Green Russian, Joanette, 
Monarch, Monarch Selection, Nebraska No. 21, Rossman, 
Scottish Chief, and Trisperma, proved to be negative; in fact, 
only two varieties—Canadian and Victor—showed any high 
degree of susceptibility to this race. Avena sierilis and A. 
strigosa have also given essentially negative results. 

Race VIII is based upon another collection, No. 4, made 
by Dr. Hursh at Lambesc, France, in June 1924, and has given 
results very similar to those described for Collection No. 7. 
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It lias run fairly parallel to it in its behavior with reference 
to the varieties. The only outstanding difference is its capacity 
for infecting Joanette; 26 out of 37 plants (70.2 per cent) of 
this variety were infected, while only 2 out of 35 plants (5.7 
per cent) were infected with the previous collection. Early 
Champion and Monarch also have given somewhat higher 
percentages of infection. Avena sterilis and A. strigosa have 
proved negative. 

TABLE 4 

Results with Uslila&o A venae ( Pers .) Jens. 


SPECIES AND VARIETY 

SEED 

.1 venae NO. 10 
Germany 

A venae no. 4 
France 

A venae no. 7 
Wales 

.4 venae no. 3 
France 


NO. 

No. 

Pi. 

No. 

inf. 

% 

inf. 

No. 

pi. 

No. 

inf. 

% 

inf. 

No. 

pl. 

No. 

inf. 

% 

inf. 

No. 

pl. 

No. 

inf. 

% 

inf. 

Avena barbata Brot. 

830 

15 

14 

93.3 

49 

31 

63.2 

24 

24 

100.0 

36 

36 

100.0 

A vena brevis Roth. 

289 

36 

0 

0 

77 

0 

0 

84 

0 

0 

49 

0 

0 

Avena mala L. 













Hull-less. 

30 

80 

12 

15.0 

125 

2 

1.6 

150 

2 

1.3 

48 

0 

0 

Liberty. 

292 

19 

0 

0 

16 

0 

0 

18 

0 

0 

— 

— 

— 

Avena oriental is Schreb.. 

246 

67 

0 

0 

73 

0 

0 

78 

1 

1.2 

— 

— 

— 

Green Mountain. . . 

110 

14 

1 

7.1 

16 

0 

0 

14 

0 

0 

— 

— 

— 

Avena saliva L. 














Bicknell. 

341 

38 

2 

5.0 

40 

1 

2.5 

30 

2 

6.6 

— 

— 


Black Diamond.... 

116 

18 

1 

5.5 

19 

4 

21.0 

37 

5 

13.5 

— 

— 

— 

Black Mesdag. 

70 

55 

0 

0 

107 

0 

0 

133 

0 

0 

48 

0 

0 

Black Norway. 

118 

19 

18 

94,7 

16 

0 

0 

19 

1 

5.2 

— 

— 

— 

Canadian. 

119 

70 

67 

95.7 

125 

125 

100.0 

182 

175 

96.1 

49 

1 

2.0 

Early Champion. . . 

150 

36 

19 

52.7 

37 

13 

35.1 

39 

1 ' 

2.5 

—~ 

— 

.— 

Early Gothland.... 

152 

69 

0 

0 

98 

0 

0 

141 

1 

0.7 

27 

0 

0 

Green Russian. 

316 

35 

3 

8.5 

35 

0 

0 

44 

0 

0 

— 

— 

— 

Joanette. 

187 

38 

0 

0 

37 

26 

70.2 

35 

2 

5.7 

— i 

— 

—. 

Markton. 

752 

56 

0 

0 

43 

0 

0 

51 

0 

0 

— 

— 

— 

Monarch.. 

161 

73 

5 

6.8 

118 

22 

18.6 

151 

1 

0.6 

41 

0 

0 

Monarch Selection, 

162 

38 

0 

0 

40 

3 

7.5 

56 

2 

3,5 


.— 

— 

Nebraska No, 21... 

280 

54 

0 

0 

51 

0 

0 

51 

0 

0 


— 

— 

Rossman. 

322 

38 

0 

0 

39 

1 

2.5 

40 

142 

3 

7.5 

— 

.— 

.— 

Scottish Chief. 

124 

74 

0 

0 

96 

0 

0 

1 

0.7 

19 

0 

0 

Trisperma. 

64 

24 

17 

70.8 

29 

0 

0 

20 

0 

0 

— 

— 

— 

Victor.. 

126 

62 

53 

85.4 

85 

79 

92.9 

118 

98 

83.0 

19 

2 

10.5 

A vena sterilis I. 














Burt. 

175 

43 

0 

0 

50 

0 

0 

67 

0 

0 

— 

— 

-.- 

Fulghum. 

129 

35 

0 

0 

85 

0 

0 

97 

1 

1.0 

50 

0 

0 

Navarro . 

916 

— 


_ 

_ 

_ 

_ 

12 

0 

0 

— 

—: 


Red Rustproof...... 

131 

52 

0 

0 

86 

0 

0 

98 

0 

0 

28 

ft 

0 

Avena strigosa Schreb.. . 

587 

56 

0 

0 

103 

0 

0 

95 

0 

0 

•16 

(.) 

0 


Race IX is based upon Collection No. 12, which was ob¬ 
tained from Dr. L. R. Hesler, University of Tennessee, Knox¬ 
ville, Tennessee, in the summer of 1924. The special feature 
of this collection is its capacity to infect the Fulghum oats 
of the Sterilis Group. Seven different strains of these oats, 
including Frazier and Kanota, have been tested in two or 
more experiments. The percentage of infection has varied from 
62.5 to 82.7, and in some of the individual experiments, 100 
per cent infection was obtained. It is evident that these oats 
are highly susceptible to this collection of smut. 
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On the other hand, the Red Rustproof type of Avena sterilis 
has proved to be entirely resistant. Six different strains, 
including Nortex, have been inoculated, and none of them has 
shown any infection. The varieties Rurt, Nigra, and Selec¬ 
tion, all recognized varieties of the Red Oat Group, have also 
proved to be negative to this collection. 

The Hull-less oats, however, have proved to be susceptible, 
one strain giving 89.9 per cent infection. Liberty was tested 
in only one experiment, and gave a comparatively low number 
of infected plants. Orientalis (Seed No. 246) proved to be ex¬ 
tremely resistant. 

Among the Saliva types several, including Bicknell, Black 
Diamond, Canadian, Trisperma, Victor, and Winter Turf, gave 
high percentages of infection, and thus every indication of 
extreme susceptibility to this race. The variety Monarch gave 
22 infected plants out of a total of 129 (17 per cent). Various 
other varieties, including Black Mesdag, Early Gothland, 
Green Russian, Joanette, Markton, Nebraska No. 21, Ros- 
man, and Scottish Chief, proved highly resistant. No infected 
plants were obtained with Avena strigosa or A. brevis . On the 
other hand, A. barbata gave 100 per cent infection. 

Two other collections have given results very similar to those 
just described. Collection No. 13 was obtained from Mr. T. R. 
Stanton, Office of Cereal Crops and Diseases, U. S. Department 
of Agriculture, who collected the smut on Fulghum oats at 
Lawton, Oklahoma, in June 1925; Collection No. 14 was ob¬ 
tained from Mr. P. B. Dunkle, Superintendent of Sub-Station 
No. 6, Texas Agricultural Experiment Station, Denton, Texas, 
also being collected on the variety Fulghum, in June 1925. 
In general, these two collections have given results corres¬ 
ponding with those obtained with No. 12. However, two or 
three differences stand out. While practically negative re¬ 
sults were obtained with Collection No. 12 on A. orientalis 
(Seed No. 246), with Collection No. 13, 21 out of 45 plants (46.6 
per cent) were infected, and with Collection No. 14, 11 out 
of 42 plants (26.1 per cent). Early Gothland gave negative 
results with No. 12, 96 plants being inoculated, and with No. 
13, 29 plants out of 78 (37.1 per cent) were found infected, and 
with No. 14, 28 plants out of 72 (38.8 per cent). These results 
suggest the possibility of further specialization in these collec- 
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tions, although they all have the common capacity for attacking 
severely the Fulghum strains of Red oats. 

Race X is based upon Collection No. 15. The original mater¬ 
ial was received from Mr. Dunkle in June 1925. It was collected 
on the Red Rustproof variety. Early experiments showed that 


TABLE 5 

Results with Usiilago A venae ( Pers .) Jens. 




A venae no . 12 

I A venae no . 13 1 

I A venae 

NO . 14 

I Avenae no. 15 


SEED 

Tennessee 

01 

dahoma 


Tex 

as 


Texas 

SPECIES AND VARIETY 

NO . 















No. 

No. 

% 

No. 

No. 

% 

No. 

Wo. 

1 0, 

/a 

1 No. 

No. 

% 



pl. 

inf. 

inf. 

pl. 

inf. 

inf. 

pl. 

inf. 

inf. 

Pl- 

inf. 

inf. 

Avena barbata Brot. 

830 

16 

16 

100.0 

15 

15 

100.0 

18 

18 

100.0 

16 

12 

75.0 

A vena brevis Roth. 

289 

43 

0 

0 

38 

0 

0 

29 

0 

0 

18 

0 

0 

Avena mtda L. 














Hull-less. 

30 

109 

98 

89.9 

83 

46 

55.4 

94 

56 

58.5 

59 

0 

0 

Liberty. 

292 

18 

3 

16.6 

19 

4 

21.0 

19 

7 

36.8 

20 

0 

0 

Avena orientalis Schreb.. 

246 

59 

1 

1.6 

45 

21 

46.6 

42 

11 

26.1 

37 

0 

0 

Avena sativa L. 














Bicknell. 

341 

38 

34 

89.4 

39 

12 

30.7 

37 

31 

83.7 

15 

1 

6.6 

Black Diamond.... 

116 

81 

62 

76.5 

50 

35 

70.0 

57 

44 

77.1 

60 

1 

1.6 

Black Mesdag. 

70 

93 

0 

0 

80 

0 

0 

77 

0 

0 

36 

0 

0 

Canadian. 

119 

84 

80 

95.2 

55 

50 

90.9 

58 

44 

75.8 

58 

49 

84.4 

Early Champion... 

150 

■— 

— 

— 

— 

— 

— 

— 

— 

— 

18 

0 

0 

Early Gothland.... 

152 

96 

0 

0 

78 

29 

37.1 

72 

28 

38.8 

68 

0 

0 

Green Russian. 

316 

39 

0 

0 

32 

2 

6.2 

28 

5 

17.8 

— 


— 

Joanette. 

187 

20 

0 

0 

19 

0 

0 

18 

0 

0 

20 

0 

0 

Mark ton. 

752 

35 

0 

0 

37 

0 

0 

34 

0 

0 

42 

0 

0 

Monarch... 

161 

129 

22 

17.0 

79 

25 

31.6 

79 

2 

2.5 

64 

0 

0 

Nebraska No. 21... 

280 

31 

0 

0 

29 

1 

3.4 

25 

1 

4.0 

18 

0 

0 

Rossman. 

322 

30 

0 

0 

28 

3 

10.7 

30 

1 

3.3 


— 

—. 

Scottish Chief..... 

124 

72 

2 

2.7 

58 

6 

10.3 

50 

3 

6.0 

38 

0 

0 

Trisperma.... 

64 

27 

16 

59.2 

25 

2 

8.0 

26 

8 

30.7 

17 

0 

0 

Victor. 

126 

94 

75 

79.7 

58 

27 

46.5 

56 

30 

53.5 

35 ! 

2 

5.7 

Winter Turf. 

236 

22 

21 

95.4 

— 

— 

— 


— 

— 

— -J 

—, 

— 

A vena sterilis L. 














Burt. 

175 

89 

1 

1.1 

62 

4 

6.4 

66 

2 

3.0 

32 

3 

9.3 

Frazier. 

914 

39 

27 

69.2 

58 

19 

32.7 

59 

36 

61.0 

58 

0 

0 

Fulghum. 

129 

,120 

75 

62.5 

118 

79 

66.9 

122 

90 

73.7 

60 

0 

0 

“ .......... 

257 

79 

64 

81.0 

36 

24 

66.6 

58 

51 

87.7 

43 

0 

0 

u . 

696 

91 

61 

67.0 

43 

35 

81.3 

45 

39 

86.6 

20 

0 

0 

a 

745 

81 

67 

82.7 

96 

59 

61.4 

95 

69 

72.6 

47 ! 

1 

2,1 

Kanota. 

264 

89 

71 

79.7 

82 

48 

58.5 

81 

68 

83.8 

IS 

0 

0 

M . 

906 

38 

27 

71.0 

54 

30 

55.5 

54 

42 

77,7 

38 

1 

2.6 

Navarro. 

946 

19 

0 

0 

32 

0 

0 

37 

0 

0 

33 

0 

0 

Nigra. 

130 

37 

0 

0 

36 

0 

0 

34 

0 

0 

37 

2 

5.4 

Nortex. 

907 

37 

0 

0 

55 

0 

0 

57 

0 

0 

51 1 

25 

49.0 

Red Rustproof. 

131 

101 

0 

0 

83 

0 

0 

86 

0 

0 

81 

52 

64.1 

263 

18 

0 

0 

19 

0 

0 

13 

0 

0 

49 

28 

57.1 

« a 

265 

85 

0 

0 

69 

1 

1.4 

70 

0 

0 

150 

91 

60.6 

U U 

355 

90 

0 

0 

69 

0 

0 

57 

0 

0 

36 

27 

75.0 

U U . 

746 

87 

0 

0 

88 

0 

0 

83 

0 

0 

69 

39 , 

56.5 

Selection.. 

132 

35 

0 

0 

31 

0 

0 

35 

0 

0 

32 

0 

0 

Avena slrigosa Schreb... 

587 

20 

0 

0 

20 

0 

0 

20 

0 

0 


— 



the original material was a mixture, but a very distinct race, 
capable of attacking Red Rustproof, was separated out. Five 
strains of this variety gave infections ranging from 56.5 to 
75.0 per cent. Nortex, in three tests, gave 25 infected plants 
out of 51 (49.0 per cent). In striking contrast to these results, 
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the Fulghum strains gave negative results. Burt, Navarro, 
and Selection also proved to be essentially negative. 

This race also proved incapable of infecting Avena brevis y 
A . nuda and A. orienialis. It was not tested on A. strigosa. 
Among the varieties of A. sativa , only one, Canadian, showed 
any conspicuous susceptibility to the race. With this variety, 
49 out of 58 infected plants (84.4 per cent) have been obtained. 
Avena barbata has proved to be highly susceptible in the one 
experiment in which it was inoculated. 

Race XI is based upon Collection No. 3. This was made by 
Dr. C. R. Hursh at Bandole, France, in May 1924, on Avena 
barbata. It has proved to be a very distinct specialized race 
of the loose smut, being capable of infecting only A. barbata , 
the host upon which it was collected. Practically negative re¬ 
sults have been obtained with A. brevis , A. nuda, A. strigosa , 
A. sterilis , and six varieties of A. sativa, including Black Mes- 
dag, Canadian, Early Gothland, Monarch, Scottish Chief, and 
Victor. 

The evidence is clear that at least eleven distinct races of 
loose smut are found among the collections which have been 
used in these experiments. It is further probable that one or 
two other races may be differentiated. Further experiments, 
however, will be necessary in order to determine this. 

The outstanding features of all of these races may be men¬ 
tioned. Avena barbata is susceptible to all of them, although 
it has not been tested with Races II and III. Extremely high 
infections have been obtained with such diverse races as I 
and IX. 

In contrast to Avena barbata , A. brevis has proved to be 
entirely resistant. It has been tested with all of the different 
races, and not a single plant has been found to be infected. 
Only one strain of A. strigosa has been used with these races, 
and it has proved essentially negative in every case except 
with Race I. It is possible, of course, that other strains or 
varieties of A. brevis and A . strigosa would show a suscepti¬ 
bility to one or more of these specialized types. 

Avena orienialis (Seed No. 246) has proved to be highly 
susceptible to only Race I. It is somewhat susceptible to Col¬ 
lections No. 13 and 14, and this may be sufficient to separate 
these collections off from No. 12, which are now grouped as 
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Race IX. Green Mountain is very susceptible to Races I, II, 
III and IV, but has proved to be negative to V, VI, VII, and 
VIII, not having been tested with the remaining three. 

Hull-less (Seed No. 30) is very susceptible to Races I, II, 
III, IV, V, and IX, being negative to all the others. Liberty 

TABLE 6 

Summary of results with Ustilago levh (K. & S.) M agnS 


SPECIES AND VARIETY 

! 

SEED 

NO. 

PHYSIOLOGIC RACE 

1 1 

II 

1 n. I 

! ivr 

1 v 

Missouri 

Canada 

Washington 

Holland 

Italy 

Wales 

France 

England 

China 

COLLECTION NUMBER 

1 

7 

8 

9 

4 

6 

3 

5 

10 

A vena bar bat a Brot. 

830 

4 


_ 

_ 

5 

4 

5 

5 


A vena brevis Roth. 

289 

1 

'2 

2 

2 

2 

5 

1 

2 • 

0 

A vena nuda L.. 











Hull-less. 

30 

5 

5 

5 

5 

5 

1 

0 

2 

4 

Liberty. 

292 

! 5 

5 

5 

5 

5 

— 

0 

0 

4 

A vena orientals Schreb. 

246 

1 

0 

0 

2 

0 1 

0 

0 

0 

0 

Green. Mountain. 

110 

5 ] 

5 

5 

5 

5 

*—* 

0 

0 

0 

A vena sativa L. 











Bicknell. 

341 

1 

1 

1 

1 

1 

0 

1 

1 

0 

Black Diamond. 

116 

1 

1 

3 

3 

2 

0 

0 

4 

0 

Black Mesclag. 

70 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Black Norway. 

118 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Canadian... 

119 

5 

5 

5 

5 

5 

1 

5 

5 

5 

Early Champion.. . 

150 

5 

5 

5 

5 

5 

0 

0 

0 

0 

Early Gothland. 

152 

1 

1 

0 

0 

0 

0 

1 

1 

C) 

Green Russian. 

316 

0 

0 

0 

0 

0 

0 

0 

1 

— 

Jeanette... , 

187 

0 

0 

0 

0 

0 

— 

5 

4 

0 

Markton...... 

1 752 

1 

0 

0 

0 

1 

0 

0 

0 

0 

Monarch... 

161 

5 

5 

5 

5 

5 

0 

5 

5 

0 

Monarch Selection. 

162 

0 

0 

~~ 

0 

1 

0 

0 

0 

0 

Nebraska No. 21.. 

280 

0 

1 

0 

1 

0 

0 

0 

0 

0 

Rossman,... 

322 

0 

0 

1 

0 

2 

0 

0 

0 


Scottish Chief. 

124 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Trisperma. 

64 

0 

0 

o I 

0 

0 

0 

0 

1 

0 

Victor... 

12ft 

5 

.5 

5 ! 

5 

5 

0 

4 

5 

5 

Arena s ten Us L... 











Burt... 

175 

2 

1 

1 

2 

1 

0 

0 


1 

Fulghum... 

129 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Navarro.. . 

946 

0 

0 

—. 

0 


. . 


0 


Red Rustproof. 

131 

1 

0 

0 

0 

0 

0 

0 

0 

0 

A vena stn'^Asa Schreb. 

587 

4 

3 

4 . 

3 

4 

5 

3 

2 

1 


a In the body of this table numerals are used as symbols with the following significance; 

— ~No trial < 2 = 11-25 per cent ' 5 = 75-100 per cent 

0—No infection 3 =26-50 per cent 

1 =1-10 per cent 4 = 51-75 per cent 

oats usually corresponded very closely with this variety. 

Among the varieties of A vena saliva , Black Mesclag and 
Markton were completely resistant to all of the races; no in¬ 
fections were obtained with either of them. Markton was not 
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used in the experiments with Race XL The variety Canadian 
has proved to be extremely susceptible. It was attacked by 
all of the races except XL It is further interesting that it is 
the only variety of this group which was infected by the Red 
Rustproof Race. Victor is almost as susceptible a variety as 
Canadian. Its susceptibility corresponded with this variety in 
every respect, except that it proved to be resistant to Race X 
as well as to Race XL The other thirteen varieties grown varied 
greatly in their susceptibility to the different races, and on 
this account made possible the differentiation between the dif¬ 
ferent collections. 

The varieties of Avena sterilis have proved resistant to all 
the races except two. The Fulghum types are very susceptible 
to Race IX and the Red Rustproof types to Race X. These 
races are distinguished respectively by their capacity to infect 
Fulghum and Red Rustproof oats. 

It is further interesting to note that Miss Sampson (1929) 
has described a specialized race of Ustilago Avenae which is 
capable of attacking Avena brevis. The material was collected 
on A. strigosa , and the race is especially characterized by its 
capacity for infecting the three subspecies of A. strigosa — pilosa 1 
orcadensis, and glabrescens —as well as A. brevis. It has proved 
to be entirely negative on A. nuda and varieties of A. sativa. 

PHYSIOLOGIC RACES OF USTILAGO LEVIS 

Nine different collections of the covered smut obtained from 
different sources have been used in more or less extended ex¬ 
periments. Practically the same series of species and varieties 
of oats have been used as those employed in the different series 
with the loose smut. The data are recorded in tables 6 to 9. 

The outstanding features of all the nine collections are as 
follows: 

First. The high degree of susceptibility of Avena barbata to 
all the collections with which it was inoculated. Unfortunately, 
it was not included in the series with four of the collections of 
covered smut. In all the other cases, high percentages of in¬ 
fection, ranging from 72 to 100 per cent, have been obtained. 

Second. Avena brevis has usually been infected to a slight 
degree, only one collection giving negative results. With 
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Collection No. 6 it has given almost 100 per cent of infected 
plants. 

Third. Avena orientalis (Seed No. 246) has proved almost 
completely resistant to all of the collections, only one stray 
plant out of a total of 116, inoculated with Collection No. 1, 
being smutted; a few smutted plants were also obtained with 
collection No. 9. Green Mountain has given 100 per cent in¬ 
fection with several of the collections and negative results with 
the remainder. 

Fourth. In the Saliva Group, many varieties stand out as 
sharply resistant: Black Mesdag, Black Norway, Early Goth¬ 
land, Green Russian, Markton, Monarch Selection, Nebraska 
No. 21, Rossman, Scottish Chief, and Trisperma. In some of 
these varieties, notably Early Gothland, an occasional smutted 
plant has been observed, but usually all the plants in the ex¬ 
periments have remained free. The other varieties grown in 
the experiments have shown susceptibility to some of the col¬ 
lections, but resistance to the others. 

Fifth. The varieties of Avena sterilis have, as a rule, shown 
a high degree of resistance. No collection of the covered smut 
has shown a marked capacity for attacking any variety of this 
species. 

Sixth. Only one strain of Avena strigosa has been used in 
the experiments with all of the different collections; usually it 
has proved to be very susceptible, although one collection gave 
practically negative results. 

On the basis of the behavior of the different collections on 
the varieties grown, especially Hull-less, Green Mountain, 
Bicknell, Black Diamond, Canadian, Early Champion, Joanette, 
Monarch, and Victor, at least five distinct races of the covered 
smut can be distinguished. 

Race I is based upon Collection No. 1. The original material 
was collected near Columbia, Missouri, many years ago, and 
has been used in various experiments during the intervening 
years. Its outstanding features are its ability to severely infect 
Hull-less and Liberty, Green Mountain, Canadian, Early 
Champion, Monarch, and Victor, All of these have proved to 
be highly susceptible to this race of smut. 

Avena brevis has generally given negative results, but oc¬ 
casionally partially smutted plants have been secured. These 
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are characterized by a marked dwarfing of the infected stalks 
as compared with the usual height of the normal. 

The varieties Burt., Fulghum, and. Red Rustproof have all 
shown a high degree of resistance. Occasionally an infected 
plant has been observed, particularly in the Burt and Fulghum 
varieties. 

The strain of A vena strigosa has shown a high degree of 
susceptibility. Several other varieties belonging to the various 

TABLE 7 

Results with Ustilago levis (K. & S.) Magn . 


SPECIES AND VARIETY 

SEED 

NO. 

Levis NO. 1 
Missouri 

Levis no. 6 

Wales 

Levis no. 10 

China 


No. 

pi. 

No. 

inf. 

% 

inf. 

No 

Pi. 

No. 

inf. 

% 

inf. 

No. 

pi. 

No. 

inf. 

.% 

inf. 

A vena barbate Brut. 

830 

36 

26 

72.2 

23 

17 

73.9 

_ 

— 

— 

A vena brevis Roth. 

289 

103 

9 

8.7 

112 

109 

97.3 

35 

0 

0 

A vena mala L. 











Hull loss. 

30 

118 

112 

94.0 

127 

2 

1.5 

55 

35 

63.6 

Liberty. 

292 

20 

20 

100.0 

— 

— 

— 

21 

12 

57.1 

A vena oricntalis Sehreb. 

246 

116 

1 

0.8 

51 

0 

0 

36 

0 

0 

Green Mountain. 

110 

13 

13 

100.0 

— 

— 

— 

35 

0 

0 

A vena saliva L. 











Bicknell. 

311 

83 

4 

4.8 

32 

0 

0 

16 

0 

0 

Black Diamond. 

116 

53 

5 

9.2 

15 

0 

0 

33 

0 

0 

Black Mesdug.. 

70 

100 

0 

0 

75 

0 

0 

38 

0 

0 

Black Norway... 

118 

57 

0 

0 

28 

0 

0 

19 

0 

0 

Canadian. 

119 

125 

125 

100.0 

98 

5 

5.1 

18 

18 

100.0 

Early Champion. 

150 

43 

41 

95.3 

20 

0 

0 

37 

0 

0 

Early Gothland. 

152 

135 

5 

3.7 

87 

0 

0 

20 

0 

0 

Green Russian... 

316 

73 

0 

0 

62 

0 

0 

— 

— 

*— 

Joanette... 

187 

93 

0 

0 

— 

. ,— 


39 

0 

0 

Mark ton..,. 

752 

45 

2 

4.4 

39 

0 

0 

32 

0 

0 

Monarch.. 

161 

160 

157 

98.1 

106 

0 

0 

55 

O' 

0 

Monarch Select ion. 

162 

47 

0 

0 

25 

0 

0 

40 

0 

0 

Nebraska No. 21. 

280 

40 

0 

0 

5 

0 

0 

17 

0 

0 

Rossman.. 

322 

65 

0 

0 

20 

0 

0 

—- 

—- 

'— 

Scottish Chief. 

124 

no 

0 

0 

81 

0 

0 

37 

0 

0 

Trisperma. 

64 

69 

0 

0 

37 

0 

0 

15 

0 

0 

Victor... 

126 

139 

136 

97.8 

122 

0 

0 1 

39 

32 

82.0 

A vena sterilis L.. 

Burt. 

175 

52 

6 

11.5 

44 

0 

0 

29 

2 

6.8 

Fulghum.. 

129 

86 

4 

4.6 

64 

0 

0 

20 

0 

0 

Navarro.... 

946 

13 

0 

0 

. 

—. 


■— 



Red Rustproof. 

m 

77 

2 

2.5 

44 

0 

0 

35 

0 

0 

A vena strigosa Sehreb. 

. 

587 ! 

90 

63 

70.0 

82 

79 

96.3 

48 

2 

4.1 


subspecies of A , strigosa have also proved to be very suscep¬ 
tible. Individual tests have been made with pilosa> orcadensis, 
and glabrescens. One strain, however, has given negative re¬ 
sults. 

Four other collections have given practically the same re¬ 
sults as those obtained with Collection No. 1: No, 4 collected 
by Dr. C, R. Hursh near Bologna, Italy, in 1924; No, 7 by 
Prof. W. P. Fraser in Canada; No. 8 by Prof, George L- 
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Zundel at Pullman, Washington, and No. 9 by Dr. Theo. 
Roemer, who obtained it from Holland. These tour collections 
from widely separated localities have run quite parallel to the 
original collection from Missouri. The varieties used in the 
present experiment have not been sufficient for showing any 
specialization of these collections, if such specialization ac¬ 
tually exists. 

Race 11 is based on material originally received from Miss 
Sampson in Wales in 1923, and data obtained from experiments 
with this collection have already been published. A second 
collection was received in 1925 from Dr. Pethybridge, who, how¬ 
ever, obtained the material from Miss Sampson. The data 
presented in the table were secured with this collection, No. 
6, but it has shown complete conformity with the original one 
received from Wales. 

The conspicuous features of Race 11 are its capacity to 
infect Avena brevis and A. strigosa. Usually, 100 per cent of 
infected plants is obtained. It is equally severe on practically 
all varieties of A. strigosa , although one or two distinct strains 
have shown complete resistance; several strains of A. brevis 
have also proved to be entirely resistant. On the other hand, 
it is negative or nearly so on all varieties of A , nuda , A . sativa, 
A. orienialis and A. sterilis. 

Race III is based upon Collection No. 3. The material was 
sent to me by Dr. C. R. Hursh from St. Cannot, France in 
1924. The race shows a limited capacity for infecting oat 
varieties. It is entirely negative on the Avena nuda, A. orienialis , 
and A. sterilis groups, and only four varieties of A. sativa 
have proved to be susceptible, namely, Canadian, Joanette, 
Monarch, and Victor. It has not given very high percentages 
of infection of A. strigosa , and only a few partially infected 
plants of A, brevis have been obtained. 

The outstanding features of the race, as compared with I, 
are its inability to infect Hull-less, Liberty, Green Mountain, 
and Early Champion. It is equally conspicuous by its capacity 
for infecting Joanette, a variety which has given negative re~ 
suits with Race I. 

Race IV is based upon Collection No. 5, which was sent to 
me by Dr. Pethybridge from Shinfield, Berkshire, England. 
It shows a close similarity to Race ILL It has almost the same 
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ability to infect the varieties. It is negative or practically so 
on the Hull-less oats, Green Mountain, and Early Champion. 
It severely infects such varieties as Canadian, Joanette, Mon¬ 
arch, and Victor. It is distinguished from the previous race 
by its ability to infect Black Diamond. With this variety, out 
of 52 plants inoculated, 38 (73.0 per cent) have been smutted. 
On the other hand, 50 inoculated plants with Race III gave 
entirely negative results. 


TABLE 8 

Results with Udilago levis (K. U 4 S.) Magn. 




1 Levis no. 7 1 

Levis no. 8 

Levis no. 9 


SEED 


Canada 

Washington 

Holland 

SPECIES AND VARIETIES 

NO. 












No. 

No. 

% 

No. 

No. 

% 

No. 

No. 

% 



pi. 

inf. 

inf. 

pi. 

inf. 

inf. 

pi. 

inf. 

inf. 

A vena bar bat a Brot. 

880 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

__ 

A vena brevis Roth.. 

289 

68 

11 

16.1 

47 

9 

19.1 

72 

9 

12.4 

Avena Hilda I. 











Hull-less. 

30 

75 

61 

81.3 

56 

46 

82.1 

83 

71 

85.5 

Liberty . 

292 

19 

17 

89.4 

20 

17 

85.0 

20 

19 

95.0 

A vena oriental}; Schreb. 

246 

43 

0 

0 

52 

0 

f) 

51 

6 

11.7 

Green Mountain. 

no 

34 

34 

100.0 

14 

13 

92.8 

34 

34 

100.0 

A vena saliva L. 











Bicknell. 

341 

37 

1 

2.7 

30 

l 

3.3 

38 

3 

7.8 

Black Diamond. 

116 

31 

3 

9.6 

16 

7 

43.7 

32 

12 

37.5 

Black Mesrlag. 

70 

51 

0 

0 

52 

0 

0 

54 

0 

0 

Black Norway. 

118 

19 

0 

0 

17 

0 

0 

17 

0 

0 

Canadian. 

119 

76 

76 

100.0 

51 

51 

100.0 

79 

78 

98,7 

Early Champion. 

150 

61 

58 

95.0 

17 

15 

88.2 

57 

50 

87.7 

Early Gothland. 

.152 

61 

1 

1.6 

52 

0 

0 

60 

0 

0 

Green Russian.. 

316 

15 

0 

0 

10 

0 

0 

15 

0 

0 

Joanette. 

187 

58 

0 

0 

17 

0 

0 

56 

0 

0 

Markton. 

752 

48 

0 

0 

39 

0 

0 

39 

0 

0 

, Monarch. 

161 

120 

113 

94.1 

54 

54 

100.0 

119 

110 

92.4 

Monarch Selection.... 

162 

1.9 

0 

0 

— 

— 

— 

20 

0 

0 

Nebraska No. 21. 

280 

32 

3 

9.3 

24 

0 

0 

29 

1 

3.4 

Ross nun. 

322 

15 

0 

0 

14 

1 

7.1 

15 

0 

0 

Scottish Chief... 

124 

45 

0 

0 

50 

0 

0 

54 

0 

0 

Trisperma... 

64 

20 

0 

0 

19 

0 

0 

27 

0 

0 

Victor... 

126 

78 

75 

96.1 

50 

50 

100.0 

84 

81 

96.4 

Avena sterilu L... 











Burt.. 

175 

41 

4 

9.7 

36 

3 

8.3 

46 

8 

17.3 

Fulghum.. 

129 

39 

0 

0 

37 

. 0 

0 

38 

0 

0 

Navarro. 

946 

12 

0 

0 

—■ 


— 

11 

0 

0 

Red Rustproof........ 

131 

18 

0 

0 

18 

0 

0 

23 

0 

0 

Avena strigosa Schreb. 

587 

83 

22 

26.5 

31 

19 

61.2 

83 

25 

30.1 


Race V is based upon Collection No. 10. The original ma¬ 
terial came from the Experimental Farms at Sui-Yuan, Inner 
Mongolia, being sent to me by Prof. Chunjen C. Chen in 1927. 
The race stands out sharply by its ability to Infect Hull-less and 
Liberty and also Canadian and Victor. It has proved to be 
negative or practically so to all the other varieties on which it 
has been tried. It is especially striking that it has failed to 
infect Avena brevis , A, strigosa , and such varieties of A , saliva 
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as Early Champion and Monarch. Unfortunately, it has not 
been used on A. barbata. 

Miss Sampson (1929) has recently described a distinct new 
race of covered smut. She obtained a collection from England 
which proved capable of infecting severely certain varieties of 
A vena saliva , but was entirely negative on A. strigosa orcadensis , 
.4. brevis , and practically so on A . nuda. It is evidently very close 
in its behavior to my Race IV. 

TABLE 9 

Results with Ustilago levis ( K . & S.) Magn . 


SPECIES AND VARIETY 

SEED 

NO. 

Levis NO. 4 

Italy 

Levis no. 3 
France 

Levis no. 5 
England 

No. 

pi. 

No. 

inf. 

% . 

inf. 

No. 

pl- 

No. 

inf. 

% 

inf. 

No. 

pl. 

No. 

inf. 

0* 

inf. 

Arena barbata Brat. 

830 

12 

12 

100.0 

13 

13 

100.0 

18 

18 

ioo.o 

Anew brevis Roth. 

289 

114 

15 

13.1 

122 

8 

6.5 

115 

13 

11.3 

Avena nuda L. 











Hull-less. 

30 

112 

106 

94.6 

139 

0 

0 

127 

20 

15.7 

Liberty. 

292 

17 

15 

88.8 

18 

0 

0 

17 

0 

0 


'H6 

52 

o 

o 


o 

0 

60 

0 

0 

Green Mountain. 

110 

34 

34 

100.0 

39 

0 

0 

37 

0 

0 

Avena sativa L. 











Bicknell. 

341 

29 

2 

6.8 

25 

1 

4.0 

27 

1 

3.7 

Black Diamond. 

116 

34 

5 l 

14.7 

50 

0 

0 

52 

38 

73.0 

Black Mesdag.. 

70 

73 

0 

0 

88 

0 

0 

88 

0 

0 

Black Norway. 

118 

36 

0 

0 

41 

0 

0 

44 

0 

0 

Canadian.. 

119 

97 

97 

100.0 

106 

103 

99,0 

145 

138 

95 t 

Early Champion. 

150 

36 

34 

94.4 

38 

0 

0 

62 

0 

0 

Early Gothland. 

152 

87 

0 

0 

106 

1 

0.9 

102 

1 

0.9 

Green Russian. 

316 

33 

0 

0 

56 

0 

0 

51 

1 

1.9 

Joanette. 

187 

37 

0 

0 

36 

31 

86.1 

55 

29 

50.9 

Mark ton.. 

752 

50 i 

2 

4.0 

45 

0 

0 

37 

0 

0 

Monarch. 

161 

123 

119 

96.7 

136 

125 

91.9 

195 

162 

83.0 

Monarch Selection.... 

162 

. 43 

1 

2.3 

40 

0 

0 

45 

0 

0 ■ 

Nebraska No. 21. 

280 

27 

0 

0 

27 

0 

0 

14 

0 

0 

Rossman. 

322 

19 

2 

10.5 

20 

0 

0 

15 

0 

0 

Scottish Chief. 

124 

68 

0 

0 

99 i 

0 

0 

84 

0 

1 

0 

Trisperma. 

64 

50 

0 

0 

50 

0 

0 

44 

2.2 

Victor.. 

126 

90 

88 

97.7 

120 

77 

64.1 

148 

125 

84.4 

A vena stcrUis L. 










Burt... 

175 

38 

3 

7.8 

56 

0 

0 

86 

2 

2.3 

Fulghum. 

129 

59 

0 

0 

75 

0 

0 

72 

0 

0 

Navarro. 

946 

— 

_ 




to 

0 

0 

Red Rustproof.. 

131 

28 

0 

0 

34 

0 

0 

39 

0 

0 

Avena strigosa Schreb. 

587 

105 

70 

66.6 

109 

32 

29.3 

122 

20 

16.3 


DISCUSSION 

in the present experiments, fifteen different collections of 
Ustilago Avenae and nine of U. levis from widely separated 
localities have been studied with reference to their behavior on 
twenty-eight varieties and strains of oats belonging to seven 
different species. As a result of these experiments, eleven spe¬ 
cialized races of loose smut and five races of covered smut have 
been differentiated on the basis of their capacity for infecting 
the varieties of oats grown. 
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So far as tested, all of the collections have proved capable 
of infecting Avena barbata . This species has been particularly 
susceptible to all races with winch it has been inoculated. It 
is especially interesting that one race of Ustilago Avenae 
is distinguished by the fact that it is capable of attacking only 
this species. 

None of the races of loose smut have shown any capacity 
for attacking Avena brevis. On the other hand, all the races of 
covered smut are capable of infecting this species, with the 
exception of Race V. However, only one race, II, has been able 
to produce a severe infection on this oat. In the other cases, 
relatively few plants have been smutted, and these only par¬ 
tially so. 

Only two varieties of Avena sativa , Black Mesdag and 
Markton, have shown a conspicuous resistance to all races of 
both loose and covered smut. On the other hand, the varieties 
Canadian and Victor have shown unusual susceptibility to the 
various races of both species of smut. There are, however, two or 
three races to which these varieties have proved to be resistant. 

The other varieties of Avena sativa , together with those of 
A. nuda, A. orientalis , A. sterilis 1 and A. strigosa , have shown 
varying degrees of susceptibility to the races of loose and 
covered smut, and it is through their behavior that the different 
races have been differentiated. It is particularly noteworthy 
that Black Norway, Early Gothland, Green Russian, Nebraska 
No. 21, Rossman, Scottish Chief, and Trisperma are unusually 
resistant to all races of covered smut, while extremely suscep¬ 
tible to one or more distinct races of loose smut. On the other 
hand, Monarch, and to some extent, Joanette, have proved 
more susceptible to the covered smut races. 

It is interesting to note that there are sharply defined races 
of loose smut capable of attacking varieties of Avena sterilis , 
one being peculiar in its capacity for infecting Fulghum and 
another for infecting Red Rustproof. Further, I have found 
no well defined race of Ustilago levis which severely attacks any 
variety of this species. An occasional infected plant with some 
races of covered smut is observed, but so far, no distinct race 
of this smut, more or less restricted to these varieties, has 
been discovered. 
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It must be emphasized that the data obtained are based upon 
the use of well defined strains of oats. Other selections passing 
under similar names may give entirely different results; for 
example, certain varieties and strains of both Ave?ia strigosa and 
A, brevis differ strikingly from those used. Further, I have a 
selection of Monarch which is exactly the reverse in its behavior 
to the one which I have grown in these experiments. It is 
negative to Race I of the covered smut, while highly susceptible 
to Race I of the loose smut. 

It is obvious that these specialized races have special signifi¬ 
cance in the problem of the study of inheritance of smut re¬ 
sistance. It is just as important, in such investigations, to 
use known races of smut as it is pure line material of the oat 
varieties. 

Brooklyn Botanic Garden 
Brooklyn, N. Y. 
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A morphologic study of the variations in Stellaria aquatica 
with special reference to symmetry and sterility 

Edwin B. Matzke 
(with thirty-two text figures) 

The variability within the genus Stellaria , and even within 
certain species of that genus, has long been known and strongly 
emphasized; the coherence or trends within the genus and 
species, however, are by no means agreed upon, though the 
flowers form a very wide-ranging and possibly evolutionary 
series. 

In the present study particular attention has been paid to 
Stellaria aquatica (L.) Scop, and Stellaria media (L.) Cyr., not 
with a view to distinguishing new varieties, but rather with 
the aim of determining the biological type for each of these 
species, which vary strikingly, not merely in different indivi¬ 
duals, but, especially in S. media , in different parts of the same 
plant. The present paper gives the data on 5. aquatica , and 
is to be followed by a study of the floral types in S. media , and 
of the correlation of external and internal variations in the 
flowers of these two species. 

S. aquatica represents the maximum development, particu¬ 
larly as regards the number of parts in the flower, not only 
for the members of the genus, but for the Caryophyllaceae in 
general; and from such a type the increasing reduction in the 
number of parts in the flower of the Alsinoideae may well have 
progressed. 

LITERATURE REVIEW 

Linnaeus (in the Species Plantarum , 1753), classifying 
plants on the basis of the number of stamens and carpels, 
recognized the genera Alsine (p. 272), in which he included 
A . media , with five stamens and three carpels; Stellaria (p. 
421) with ten stamens and three carpels; and Cerastium (p. 
437) with ten stamens and five carpels. Because of Its ten sta¬ 
mens and five carpels he placed the species now recognized as 
Stellaria aquatica in the genus Cerastium, Thus began the 
confusion in the nomenclature of the genus Stellaria 
which has resulted in the following extensive list of the more 
important synonyms of this species. 


471 



472 


BULLETIN OF THE TORREY CLUB 


[VOL. 56 


Cerostium aquaticum Linnaeus, Species Plantarum 439. 1753. 

Stellaria aquatica Scopoli, Flora Carniolica ed. 2. 1: 319. 1772. 

Alsine uliginosa Viliars, Prospectus .... Dauphin. 48. 1779. 

Cerastium maximum Gilibert, Flora Lithuanica 2: 158. 1781. 

Myosoton aquaticum Moench, Methodus plantas describendi 225. 1794. 

Myosanthus aquaticus Desvaux, Jour, de Bot. Desv. II. 3: 227. [1816?]. (See 
note on page 531.) 

Malachia aquatica Fries, Flora Plallandica 77. 1817. 

Larbrea aquatica Seringe in DeCandolle, Prodromus Syst. Nat. 395. 1824. 

Not L. aquatica A. St. Hilaire, Mem. Mus. Hist. Nat. 2: 287. 1815, 
[ — Stellaria uliginosa Murray, Prodr. Stirp. Gott. 55. 1770]. 
Cerastium deflexum DeCandolle, Prodromus Syst. Nat. 417. 1824. 

Malachium aquaticum Fries, Novitiae Florae Suecicae 121-122. 1828; 

Hegi, Illustrierte Flora Mittel-Europa 3: 348. 1911-1913. 

Stellaria pentagyna Gaudin, Flora Helvetica 3: 179. 1828. 

Stellaria media a aquatica O. Kuntze, Revisio Gen. Plant. 1: 52-55. 1891. 
Alsine aquatica Britton, Mem. Torrey Club 5: 356. 1894; Small, Flora 

S. E. United States 421-423. 1913; Rydberg, Flora Rocky Mountains 
268-271. 1917. 

It is interesting to observe that the first change from the 
Linnaean disposition of the species was in its transference by 
Scopoli in 1772 from Cerastium to Stellaria , a position which 
would doubtless be regarded by a majority of modern taxono¬ 
mists as expressing its natural affinity, and which appears 
to be confirmed by the present investigation. It will be seen, 
however, from the list, that opinion has varied widely in regard 
to the disposition of S. aquatica , from the attempts to constitute 
a separate genus for it on the one hand, to Kuntze’s reduction 
of it to a mere variety of S. media on the other. The generic 
name Malachium Fries had rather wide acceptance in the litera¬ 
ture of continental Europe during the nineteenth century (and 
even dowm to Hegi’s recent Flora), though Myosoton Moench 
clearly has priority. Britton, finally, has revived the ancient 
genus Alsine (based according to him on the type species A. 
media L.), and restored to it the species separated under Stel¬ 
laria by Linnaeus; in this he has been followed by Small, 
Rydberg, and some other American authors. 1 In Europe the 

1 Further confusion in regard to the use of Alsine has been introduced by 
the fact that House, in his Annotated list of the ferns and flowering plants of 
New York State (N. Y. State Mus. Bull. 254: 321—322), has interpreted the 
Linnaean genus Alsine as synonymous with Spergularia Pers. and Tissa and 
Buda Adans., while with Pax (1889) in Engler and Prantl, and other European 
authors the genus Alsine Wahlenb, has been in use for an entirely different 
group of species. 
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name Stellaria has been largely retained (Pax, 1889, in Engler 
and Prantl; Index Kewensis, 1895; Richter, .1897; Beguinot, 
1910; Engler and Gilg, Syllabus der Planzenfamilien, ed. 9-10, 
1924). Stellaria is used also in Gray's New Manual of Botany , 
ed. 7, and by some other American botanists. 

When the species S. aquatica is included in the genus Stel¬ 
laria, the more primitive character of its pistil is commonly 
emphasized by making it the sole species in a section of the 
genus, as in the section Malachium of Hooker (Flora British India 
1: 229-230. 1875), or the subgenus Myosoton of Pax (1889). 

A number of varieties of S. aquatica have been described. 
Lejeune 2 in addition to Cerastium aquaticum described C. scan- 
dens, which he said differed from the former by its twining habit. 
Fries 3 mentioned a variety, Malachium aquaticum (3 saxatile 
with the stems four-angled, the leaves narrower than in the 
typical form, and the peduncles few and terminal. Fries recog¬ 
nized the possible influence of environment in this case, and 
added in a note that this form growing among the rocks of a 
canal would be exposed to heat and strong light. In his general 
description of S. aquatica Petermann 4 characterized it as hav¬ 
ing a stem smooth below, glandulose-pubescent above, and then 
distinguished two forms, the first with the stem pubescent, the 
second with the stem smooth, but with the 'corymb only glandu¬ 
lose-pubescent. 5 Willkomm 5 noted a form which he designated 
Malachium calycinum , differing from the normal form in its 
single line of cauline hairs, shorter leaves, non-glandular pedi¬ 
cels and calyx, and especially in the short, included petals. 
Godron 6 described two varieties for Lorraine, M> aquaticum a 
scandens , 6-8 dm., climbing, leaves of the floral stem all sessile; 
and M. aquaticum (3 arenarium , a smaller plant, 1-3 dm., less 
developed in all its parts, with the lower leaves of the fertile 
stems petioled, truncate at the base, and the inflorescence 
poorly developed. The variety /3 arenarium was found in sand. 
Schur 7 described two varieties: M , aquaticum a alpinum , with 
stems prostrate, 2.3-3 dm. long, leaves and stem pubescent, 
the lower leaves petioled; and M. aquaticum b augustatum hav- 

2 Lejeune, Flore cles environs de Spa 210-211. 1811. 3 Fries, Nov. FI. 
Suec. 121-122. 1828. 4 Petermann, Flora Lipsiensis 330-331. 1838. 5 Will¬ 
komm, Spicilegium florae Hispanicae. Bot, Zeit. 5; 233-241. 1847. 6 Godron, 
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ing stems erect-ascending, hirsute but smooth above ('superne 
glabris’) the leaves 2.5 cm. long, 12.5 mm. wide, and purple 
veined. In a later publication Schur 8 described three additional 
varieties: M. aquaticum arenosum glomeratum , distinguished 
chiefly by the bushy, stiff, upright character of the plants, the 
leaves smooth or nearly so, and the flowers fascicled at the apex 
of the stem; this form was found in sandy places and along rail¬ 
road tracks; M. aquaticum silvaticum molle , characterized 
by its soft, dark green, much branched habit, glandular hairy 
above, leaves sharply punctate with white spots; flowers some¬ 
what smaller than in the normal form; and M. aquaticum hun- 
garicum , having recurved styles, plants slightly hairy and glan¬ 
dular, leaves all stalked. 

The stem and inflorescence of the Caryophyllaceae, in ad¬ 
dition to the treatment afforded them in the manuals, are dis¬ 
cussed in a general way by Eichler (1878), Pax (1889), and 
Warming (1904) . For Silene these features were taken up by 
Godron (1847) and Rohrbach (1868). The branching and in¬ 
florescence of the Caryophyllaceae were described more critically 
in the older literature by Wydler (1843, 1844, 1847, 1851, 
1859), and by Wichura (1844, 1846, 1847). Wydler (1859) 
gave the general characters of the branching in S. media and 
vS. aquatica , and Beguinot (1920) in S. media. Wydler made a 
few errors which were pointed out by Wichura and which he 
later acknowledged. The results given below are in general 
agreement with theirs, though the point of approach is some¬ 
what different. 

The arrangement of the branches is of course intimately as¬ 
sociated with the arrangement of the leaves on the stem; and 
the subject of phyllotaxis is by no means settled. For many 
years the Fibonacci series, emphasized by Schimper and by 
Braun (1835) and others has served for textbook treatmen t of 
the subject. The contact, pressure and displacement (or slip¬ 
ping) theory as the explanation of leaf relationships was put 
forth by Schwendener (1878, 1901) and supported among others 
by Weisse (1889). It was extended and modified by Van 

Flore de Lorraine, ed. 2. 1: 126-127. 1857. 7 Schur, Enum. Plant. Trans- 
silvaniae 115-116. 1866. 8 Schur, Verh. Naturf. Ver. Briinn 15 2 : 142-143. 
1877. 
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Iterson (1907). However in its original form this theory is not 
generally accepted. It has been severely criticized among others 
by Winkler (1901, 1903), who showed that in some plants at 
least the ‘contact’ theory is impossible, and by Church (1901a, 
b, 1902, 1904, 1920). Emphasizing the study of the shoot apex 
in phyllotaxis, Church refers the phyllotax-mechanism to ‘an 
initial choice of curve systems, comparable with the isolation 
of equal-spaced lines of growth-potential’; furthermore every 
lateral primordium he conceives as originating as ‘a centric 
disturbance in a centric growth system.’ He strongly criticizes 
the validity of the exact fractional divergences expressed by 
the numbers of the Fibonacci series, especially at the primor¬ 
dial apex. Church’s work has been extensive and has been 
emphasized by jaeger (1917) and Crow (1928). 

It is well known that in some of the lower plants, as in some 
of the mosses and liverworts, there is a close relationship be¬ 
tween the growth of the apical cell and the arrangement and 
size of the leaves. Even there, however, disturbing influences 
such as apical torsion must be considered (Correns, 1899). 
But the literature on the course of the cell divisions in the Sper- 
matophyta is by no means as illuminating. The researches of 
Hanstein (1868), Strasburger (1872), Schwendener (1879), 
Groom (1885), and Koch (1891) satisfactorily disproved the 
contention of a general occurrence of single apical cells in the 
shoots of the Spermatophyta advocated by Dingier (1882, 
1886) and Korschelt (1884), and correlations between apical 
cell divisions and leaf arrangements established in the lower 
plants can thus not be directly extended to the seed plants 
(see also Schwendener, 1885), The rules of rectangular inter¬ 
section and division into equal parts formulated by Sachs 
(1878, 1887) as applied to cell divisions are not very helpful 
in the study of the relationship between the growth of the shoot 
and leaf arrangement, and the correlation between cell divi¬ 
sions in the shoot apex and phyllotaxis is left unanswered. 

According to the view advocated especially by Velenovsk^ 
(1887, 1907) and Celakovsky (1901, 1902) the plant is composed 
of a number of units (‘Glieder’). Each unit has been variously 
called a ‘phyton’ (Gaudichaud, 1841), ‘anaphyton’ or ‘anaphy- 
tum ; (Schultz-Schultzenstein, 1843, 1847), and ‘filopodio’ 
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(Delpino; 1883). According to this theory each limb or unit is 
derived from the preceding by lateral growth, and the terminal 
growing point of the stem is of secondary origin. This view is 
based especially on embryological and seedling evidence. Ac¬ 
cording to Veienovsky a unit (anaphyt) consists of an internode 
and the node next above it, whether that node has one, two or 
several leaves. Celakovsky maintains on the other hand that 
this is only true in certain stems, such as those of the grasses; 
there a ‘Sprossglied’ consists of an internode and the node with 
its leaf next above it. However in stems having the usual spiral 
or whorled arrangements, in which a leaf subtends merely a 
portion of the stem, an anaphyt consists of a sector of the stem 
between one leaf and the next which stands directly above it, 
and the upper of these two leaves. Thus in the spiral arrange¬ 
ment the stem is composed of a number of ‘Stengelglieder’ 
arranged side by side, but beginning and terminating at dif¬ 
ferent levels. According to both of these views the opposite 
leaf arrangement is of secondary origin. Church too refers to 
it as an 'afterthought.’ 

The occurrence of antidromy in plants has long been known, 
having been repeatedly discussed by Wydler and Wichura. Mac- 
loskie (1895 a, b, c, 1896 a, b, c) thought at first that plants 
w T ere essentially internally homodromic, but antidromic as 
regards different individuals of the same species; he gave a 
list of plants to illustrate this, and even suggested the possible 
genetic significance of this phenomenon. However he later 
found that the principle of homodromy within the individual, 
antidromy between different individuals was not constant, and 
concluded that the law of antidromy was more complex than 
he had at first anticipated. 

The external similarity between the clockwise and counter¬ 
clockwise arrangement of leaves or branches on .jm axis and the 
spirals of the shells of gasteropods is rather suggestive. As 
shown by Crampton (1894), Holmes (1900), Conklin (1903), 
and others the dextral and sinistral spirals are correlated with 
a definite spiral cleavage pattern; no such relationship has been 
reported in the seed plants. The production of leaf primordia 
in a definite pattern on the stem apex is different in some 
respects at least from the continuous spirals of gasteropod 
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shells. The similarities in principle, especially from the mathe¬ 
matical point of view, between phyllotaxis and shell construc¬ 
tion in some of the Foraminifera are discussed by Van Iterson 
(1907). He also points out certain differences: on the vegetative 
apex the new leaves are established on the inner side of the fo~ 
lioidal system, while new chambers in the shells of the For¬ 
aminifera are laid down on the outside; the constant factors 
are different and there are other dissimilarities. 

The variability within the flowers of the genus Stellaria 
has come to be almost proverbial; it is discussed or mentioned 
in many of the textbooks. Among the more detailed studies of 
the different kinds of flowers should be mentioned first the very 
extensive researches of Beguinot (1910, 1920, 1921) as well 
as those of Reinohl (1903) and Burkill (1895). These have been 
concerned especially with 5. media , which displays the greatest 
variability of any of the members of the genus. Beguinot stud¬ 
ied many of the varieties of that species. S. aguatica has been 
investigated by Beguinot (1914), who found the styles varying 
in number from six to two, and Kuntze (1891) who also reported 
on the variations in the gynoecium. Bentham (1861, 1862) 
found the styles in Indian specimens not infrequently reduced 
to three; interesting additional evidence is also offered 
by many of the descriptive floras, some of which are listed 
above. 

In the mature flower of S . aguatica the stamens opposite 
the sepals appear to be inside of those opposite the petals. 
This arrangement is the reverse of that found in most flowers 
and has given rise to the disputed question of the real nature of 
obdiplostemony. This was debated in the older literature which 
is reviewed by Eichler (1875). Hofmeister (1868) considered 
the stamens opposite the sepals as the original whorl; those 
opposite the petals he considered to have developed later and 
become interpolated between the whorl of petals and sepal 
stamens, Eichler at first adopted the view previously advocated 
by A. St. Hilaire that the stamens opposite the petals are merely 
split off from the petals and hence are really part of that whorl, 
the stamens opposite the sepals being the true whorl. Liiders 
(1907) and Wettstein (1911), on the other hand, consider the 
petals in the Caryophyllaceae to have arisen from the sta- 
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minal whorl. Later, however, Eichler (1878) accepted the theory 
suggested by Payer (1857) and advocated especially by 
Celakovskjr (1875) that the diplostemonous arrangement was 
the original one, but that by displacement (‘Verschiebimg’) 
the whorls became reversed as to position. This view is also 
accepted by Velenovsky (1910). However, Celakovsky (1894) 
later abandoned this view and considered the obdiplostemonous 
arrangement associated with reduction. Schumann (1889) 
pointed out that obdiplostemony may be found in flowers in 
which the stamens opposite the sepals are the first to develop, 
and in others in which those opposite the petals develop first; 
he suggested contact as an explanation of the position of the 
carpels with reference to the two staminal whorls. 

Payer (1857) figured the stages in the development of the 
flower of 5. aquatica , and as shown in his figures 6 and 7, 
plate 73, the first stamens arise alternating with the petals. 
In figures 10 and 17, plate 73, he drew the sepal stamens higher 
up on the axis than the petal stamens. Schumann (1889) 
stated that in Melandrium and Lychnis the episepalous stamens 
originate first and lower down on the axis. Malachium aqua- 
ticum , he reported, differs in that the epipetalous stamens are 
inserted deeper than in Melandrium , but he was unable to 
determine whether or not the two whorls were inserted at the 
same level. Rendle (1925) states that the antesepalous sta¬ 
mens in the Caryophyllaceae not only arise before the antepeta- 
lous, but that their vascular strands in the floral axis stand out¬ 
side of those leading to the antepetalous stamens, and that 
the obdiplostemony is therefore only apparent. 

In may be worth while, furthermore, to call attention to the 
fact that, although in most families characterized by obdi¬ 
plostemony (e.g. Crassulaceae, Geraniaceae, Onagraceae, and 
Ericaceae) the phenomenon finds complete expression, that is, 
in association with the reversed position of the two stamen 
whorls the carpels also are placed opposite the petals (rather 
than opposite the sepals), in the Caryophyllaceae, on the other 
hand, as shown by Eichler, two degrees of obdiplostemony are 
exhibited: an incomplete obdiplostemony in Cerastium (as also 
in Lychnis and Viscaria of the Silenoideae, cf. Eichler's dia¬ 
gram, 1875, p. 106), where only the two whorls of anthers 
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show the reversed position, the carpels still being opposite the 
sepals; and apparently complete obdiplostemony in Stellaria 
aquatica (as also in Spergula arvensis L.), where the carpels are 
opposite the petals. 9 Cerastium , then, may be regarded as the 
most primitive genus we have in the Alsinoideae. 

Both the stamens and pistils of S. aquatica show sterility to 
some extent. In the case of the anclroecium at least, in plants 
growing wild, this is a seasonal and hence in a measure a cyclic 
phenomenon. Sterilities associated with the partial or complete 
abortion of one or the other or both kinds of sporophylls are 
rather general in the Spermatophyta. Thus for example Stout 
(1922) found flower abortion at the beginning of the flowering 
period in Brassica pekinensis and Brassica chinensis , and ar¬ 
rested development of the flowers at the end; in addition he 
found other classes of sterility in the intervening period. The 
modification of one or more of the stamens into staminodia in 
the Caryophyllaceae was discussed by Darwin (1868, 1877). 
It is treated further by Henslow (1888) and Rendle (1925), 
both of whom contend that low temperature is the cause. 

Among the classifications of sterility may be mentioned that 
of Stout (1916) in which he distinguishes three main groups: 
sterility from impotence, sterility from incompatibility, and 
embryo abortion. In the first of these, which includes the kinds 
of sterilities described below for 5. aquatica , Stout mentions 
complete impotence involving either the absence of all floral and 
sex organs, or the lack of sporophylls only, and partial or com- 

9 This difference of carpel position seems to furnish a more fundamental 
basis for the separation of the genera Cerastium and Stellaria than that usully 
given in our current manuals, viz. the form and dehiscence of the capsule. 
It is surprising that this difference has been overlooked by the authors of 
‘Gray's New Manual of Botany\ 7th Edition, for in spite of their general ad¬ 
herence to the taxonomic arrangement of Pax (1889), who treated this point 
correctly, they have made the erroneous and misleading statement in both 
key and generic diagnosis that the styles of Stellaria are opposite the sepals. 
That not only styles (as shown in the figures illustrating this paper) but also 
the entire carpels are opposite the petals may easily be demonstrated In trans¬ 
verse sections of young flower buds, where the ovary shows complete septa 
opposite the sepals, which break down to produce the ‘free central placenta' 
of the mature pistil. Even when the carpels are reduced to three (as in S. 
media , cf. Bidder's fig. 41, F) two of them are essentially opposite petals, 
—'T. E. IT 
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plete impotence with reference to one or the other or both types 
of sporophylls. Sirks (1917) distinguishes two main classes of 
sterility: sterility of the gametes, and sterility of the zygotes; 
the former he subdivided into partial unilateral, partial bi¬ 
lateral, total unilateral and total bilateral sterility of the 
gametes. The sterilities in S . aquatica discussed below can also 
be relegated to these different categories. 

DISCUSSION OF SYSTEMATIC LITERATURE AND DESCRIPTION 

Whether the different forms of S. aquatica which have been 
described, that amount to different varieties, will stand the test 
of being grown and propagated from seed is very problematical 
indeed. Whether the twining habit is a characteristic peculiar 
to one or more varieties, or whether it depends upon the pres¬ 
ence and character of other neighboring plants has not been in¬ 
vestigated. The stems of S. aquatica are usually more or less 
four-angled, and Fries was aware of the possibility of environ¬ 
mental influences in the characteristics of the variety j8 
saxatile , Petermann’s distinction, one variety having only 
the 'corymb’ glandulose-pubescent, the other having the 
upper part of the stem pubescent as well, also needs further 
investigation. In the plants found in the vicinity of the city 
of New York it is not unusual to have just a single internode, 
directly below the inflorenscence, glandulose-pubescent; in other 
cases several internodes just below the inflorescence are glandu¬ 
lose-pubescent. If Petermann had a form constantly glabrous 
up to the first flowering node it would certainly deserve to be 
ranked as a distinct variety; on the other hand in a fluctuating 
character like this, extended study is necessary before forms 
differing in the extent of pubescence can be admitted as good 
varieties. Ricker (1916) showed that the leaves of Castanea 
mollissima when exposed to strong light are densely pubescent 
with stellate and jointed hairs, while shaded leaves on the same 
tree are practically glabrous, all intergradations between these 
two types existing on the same individual. On the other hand 
the extensive researches of Beguinot (1907, 1910, 1920, 1921) 
on Stellaria media indicate that the extent of hairiness is a 
feasible line of approach to the separation of new varieties. 
Willkomm’s description also suggests that he was dealing with 
a distinct variety. However the lowest pubescent internode not 
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uncommonly has just a sparse line of hairs, instead of being 
hairy throughout; sometimes this single line of hairs only 
extends part way down the internode. As for the short petals, 
it is not at all unusual for plants of S . aquatica to have some 
flowers with the petals equal to or shorter than the calyx, and 
in the colder weather of November the majority of the flowers 
in the vicinity of the city of New York are of this character. 
Willkomm’s observations were apparently based on a limited 
amount of herbarium material, so much so that he was unable 
to report on the character of the lower leaves and the roots; 
here again, although the description is very suggestive, further 
research, especially on living growing plants, is necessary be¬ 
fore the variety can be considered established. The two varie¬ 
ties of Godron may well be distinct. But the size of the plants 
is beyond doubt partly subject to the environment; and the 
plants, rooting at the nodes and dying off in the older parts 
may lose many of their stalked leaves. The two varieties of 
Godron are apparently different and should be further sought 
and studied. Of Schur’s forms, the M. aquciticuni a alpinum is 
similar to the M. aquaticum (3 arenarium of Godron. The form 
M. aquaticum b angustatum of Schur, with its purple veins and 
stem hirsute, smooth above—just the reverse of the condition 
usually obtaining—is striking indeed; the white punctate 
character of the leaves of the variety M. aquaticum silvaticum 
mollei s very unusual; and the ‘zuriickgerollte Griffel 5 of the 
variety M. aquaticum hungaricum, in flowers that have been 
open for some time are the normal thing; if the styles are re¬ 
curved when the flowers first open it is a noteworthy departure. 
The conclusive establishment of these different varieties awaits, 
then, the further study of their distinguishing characteristics 
in living, growing material. 

Because of the unsettled state of this literature at present 
a description of the plants discussed below is here offered: 

Stellaria aquatica (L.) Scop. Perennial. Roots fine, much 
branched. Stems ascending, spreading, partly decumbent or 
nearly erect, especially among other vegetation, 2.3 dm. to 
10 dm. in length, more or less four-sided, glabrous below, pubes¬ 
cent and glandular-pubescent above. Leaves ^ decussate, the 
lower ones petioled, the upper sessile ; petioles ciliate, the longest 
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equal or subequal to the blade, shortening more or less gradually 
toward the apex of the stem. Lower leaves small, the blades 
about 1.3 cm. long, sometimes nearly as wide, sometimes longer; 
upper leaves often 5 cm.-6.3 cm. long, sessile or nearly so, ovate 
to ovate-lanceolate or oblong-ovate, the base tapering, truncate, 
rounded or cordate, the apex attenuate, acuminate or acute, 
the margin often undulate. Leaves (or bracts) of the inflorescence 
becoming smaller towards the ends of the cyme, as large as the 
leaves just below at the base of the inflorescence; floral leaves 
(bracts) and sometimes those just below finely glandular- 
ciliate and sparingly glandular-pubescent, especially on the 
veins above and below. Inflorescence typically a dichotomous 
cyme, some of the branches and flowers sometimes failing to 
develop; branches of the inflorescence typically terete, glandular- 
pubescent, the internodes, as in the stem, varying greatly in 
length. Pedicels glandular-pubescent, reflexed after anthesis 
and in fruit, the first formed in an inflorescence typically the 
longest, frequently 3.2 cm. in length, more often less. Sepals 
glandular-pubescent, ovate to ovate-lanceolate, more or less 
obtuse, usually about 8 mm. in length in fruit or less, scarious- 
margined. Petals white, nearly half again as long as the sepals 
(sometimes more, sometimes less), deeply bifid, lobes oblong, 
narrow. Stamens usually 10, the 5 sepaline glandular at the 
base, usually about 2/3 as long as the petals. Styles usually 5, 
alternate with the sepals; stigmas minutely papillose above, 
whitish, erect at first, becoming reflexed (with the styles). 
Capsule ovoid-oblong to ovoid-lanceolate, usually somewhat 
longer than the sepals, splitting into 5 valves which are 
often bidentate. Seeds reniform, somewhat flattened, tuber- 
culate. 10 

The essential differences between S. aqualica and 5. media 
(and other members of the genus also) are very few, while the 
similarities are striking. In habit the two species are very 
close; the character and branching of the stems, the shapes of 

10 Material and seed for this study were obtained from wild plants grow¬ 
ing along the Bronx River in the New York Botanical Garden. Possibly these 
plants had “escaped” from a bed in the Garden. Plants for study have also 
been obtained from the vicinity of Ridgewood, New Jersey, S. aquatica is 
described in our manuals as ‘adventive from Europe,' occasional in the eastern 
states. That it may be of relatively recent introduction might be inferred 
from the fact that it is not listed in Gray's Manual , 6th edition (1889), Taylor 
in his Flora of the vicinity of New York (Mem. N. Y. Bot Gard. 5; 305, 1915), 
calls it “a rare and local weed known definitely only near Philadelphia and 
New York.' House (N. Y. State Mus. Bull. 254: 314. 1924) states that it 
is ‘infrequent, but reported from many localities across the State,” 
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the leaves, the character of the pubescence, especially on the 
pedicels and calyx, the shape of the sepals and petals, the char¬ 
acter of the stigmas, the markings on the seeds—all these are 
similar in their details in S. aquatica and S. media , especially 
the larger varieties of S. media. The most obvious differences 
between S. aquatica and the other members of the genus are in 
the number of the styles and the splitting of the capsules. S. 
aquatica usually has five styles, the other species usually three; 
but this difference is by no means constant, S. media sometimes 
having four styles, and S. aquatica not at all infrequently having 
that number. The other difference is in the splitting of the cap¬ 
sule, that of S. aquatica usually opening into five valves which 
are frequently two-toothed, while in the other members of the 
genus the capsule usually splits into six valves. These dissimi¬ 
larities are sufficient to give S . aquatica species rank, but it 
seems hardly justifiable, in view of the many similarities be¬ 
tween this and the other species, especially the larger varieties 
of S . media , to put it in a separate genus. 

THE ROOT 

A detailed study of the root system and root development 
is still to be made. However, a preliminary examination of the 
roots often plants grown in pots show's that the primary root is 
comparatively well developed near the root collar. Near the 
surface of the soil large secondary roots are given off, the pri¬ 
mary root decreases in size, and in three of the ten plants 
examined it was difficult to tell, about 1.6 cm. below the surface 
of the soil, which was the primary and which the secondary 
roots, since none was of outstanding diameter or growing 
straight down. In another instance it was easy to trace the 
course of the primary root as a well developed structure a little 
over 3 dm. long. The other six plants varied between these 
extremes. Some of the secormary roots were just as well de¬ 
veloped as the primary root. All of these roots gave rise to a 
great mass of fine thread-like rootlets, and such structures 
may also develop from the nodes of the stem. These observa¬ 
tions have not been very extended and await further and more 
searching investigation. 
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Fig, 3. Strongly and weakly developed branches each forming a counter¬ 
clockwise spiral on the same stem of Stellaria agualica . Fig, 4. Reversal of 
the spiral formed by the branches on the stem of 5. aguatica: the branch 
at the second node represented being clockwise to that at the lowest node, 
the succeeding ones all in counterclockwise spiral; young inflorescence also 
shown. (X 1/3) 
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THE STEM AND INFLORESCENCE 

With a view to determining the pattern, if any, in the ar¬ 
rangement of the branches, twenty plants raised from seed 
were watched and the progress of their growth recorded. The 
leaf arrangement is decussate. All the first formed leaves are 
petioled; it is only as the plants grow older that sessile leaves 
appear. The first node, or the first few nodes have as a rule two 
or more branches. Advancing up the stem of the young plants, 
however, a point is soon reached at which only one of the two 
leaves at a node bears a branch in its axil; and these branches 
originate in spiral fashion, one at each node, so that every fifth 
node will have a branch approximately above the first. It is 
obvious that this spiral arrangement can be of two kinds, 
clockwise as shown in figure 2, and counterclockwise as shown 
in figure 1. Of the twenty plants studied, eleven showed the 
clockwise arrangement of the primary branches on the main 
axis, and nine the counterclockwise. 

Tables 1 and 2 show the arrangement of the branches on the 
lower portions of these twenty plants. The eleven plants in 
table 1 have the branches arranged in a clockwise spiral on the 
main stem, the nine in table 2 have the counterclockwise ar¬ 
rangement of the branches on the primary stem. A branch is 
usually formed in the axil of each of the leaves at the cotyle¬ 
donary node. These branches have for the sake of convenience 
been numbered 1 and 2. Plant 12 thus had two branches, one 
in the axil of each leaf at this first node. The leaves are decus¬ 
sate, and therefore those at the second node are at right angles 
to those at the first node. The branch at the second node coun¬ 
terclockwise to branch number 1 at the first node has been 
arbitrarily designated 3; that in similar relation to number 2 has 
been called 4. This applies to plants in tables 1 and 2. All the 
other branches on the stem will originate above one of these 
four (making allowances for twisting of the stem). Thus in 
plant 12 there were two branches at the third node, one above 
each of those at the first node; that above number 1 is called 
1', that above number 2 is called 2'. At the fourth node there 
was a single branch, that above number 3 and therefore des¬ 
ignated 3'. Each node is probably potentially capable of pro¬ 
ducing a branch in the axil of *each leaf. Thus at the fourth 
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node in plant 12 at some later time a branch number 4/ might 
be produced; therefore the branch at the sixth node is not 
numbered 4' but 4". Not infrequently after a branch has 
arisen in the axil of a leaf a second branch will develop between 
the leaf and the first branch. In plant 1 for instance, in addi¬ 
tion to branches number 1 and number 2 at the first node there 
were two others, that between number 1 and its leaf, which is 
designated la, and that between number 2 and its leaf, des¬ 
ignated 2a. Each of the branches at a node will again have 
secondary branches in the axils of some of its leaves; and these 
secondary branches will also show a clockwise or counter¬ 
clockwise arrangement on the primary branches. Thus in 
plant 12 there were two branches at the first node, and on one 
of these branches the smaller secondary branches were arranged 
in a counterclockwise spiral, on the other in a clockwise spiral. 
Therefore branch number 1 in plant 12 has been listed as coun¬ 
terclockwise, branch number 2 as clockwise. If the branch was 
present but too small to permit the determination of the ar¬ 
rangement of the smaller branches upon it that branch is 
indicated with a dash; if the arrangement was not clear it is 
indicated with a question mark; if no branch was present the 
space is left entirely blank. Some small branches on the main 
stem at nodes beyond those listed are not given in the tables. 

It is evident from the tables that the several lowest nodes 
usually have a branch (or two branches) in the axil of both of 
the leaves. In plant 12 the first three nodes each had a branch 
in the axil of both of the leaves; the three succeeding nodes 
each had a single branch, and the smaller branches on these 
three were arranged counterclockwise, counterclockwise, and 
clockwise, respectively. Here the branches on plant 12 are 
given for only six nodes; in reality there were more, but they* 
were too small to show the arrangement of the secondary 
branches upon them and hence are not listed. Of the twenty 
plants twelve had four branches at the first node, and all twenty 
had at least one branch in the axil of each leaf. This is of ad¬ 
vantage to the plant in spreading over the surface of the soil 
since the lower branches grow at right angles or more or less 
opposite to the direction taken by the main stem. 

In thirteen plants there was at least one branch in the axil 
of each leaf of the second node; ten had at least one branch in 
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a In the columns of this table c =clockwise; cc-counterclockwise; a ? indicates a doubtful case; and a dash indicates that the branches were too undeveloped to permit 
determination of the direction of the spiral. 
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Arrangement of the secondary branches upon the primary branches of the main axis in Stdlaria aquatica—the primary branches in each case 
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of the fifth node 
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determination of the direction of the spiral. 
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the axil of each leaf of the third node. At the fourth node how¬ 
ever, only four plants had a branch on each side of the stem; at 
the fifth and sixth nodes none were so characterized. This 
indicates that there are often four branches at the first node and 
very frequently there is at least one in the axil of each leaf of the 
second and third nodes. It should be stated that these plants 
were grown during the unfavorable winter months, the final 
observations being made on May 21, when the plants were six 
months old but not particularly well developed. Field observa¬ 
tion shows that six consecutive nodes on vigorously growing 
plants all with sessile leaves (indicating that they were some 
distance above the cotyledonary node) each had two branches. 
A somewhat similar condition is illustrated in figure 3. Only 
limited conclusions may be drawn from plants grown under the 
more or less artificial greenhouse conditions. Not all the 
branches develop at the same time or at the same rate, and 
further examination at a later date would have yielded further 
data. 

A rather typical plant is number 13 in table 2; it has four 
branches at the first node, one branch in the axil of each leaf of 
the second node, one branch in the axil of one of the leaves of the 
third node and two in the axil of the other, and one branch at 
each of the succeeding nodes. Other plants show considerable 
variation from this. In plant 17 the second node has only a 
single branch, while the third and fourth have two each; in plant 
20 the second node is devoid of branches, while there are three 
at the third and four at the fourth nodes. 

In some cases the arrangement of the branches at least ap¬ 
parently changes from one direction to the other. Thus in plant 
15 the branch at the third node, 1', is arranged clockwise with 
reference to branch number 3, but from there on the branches 
go up the stem in a counterclockwise spiral. Perhaps it should be 
stated again that “3'c” (in tables 1,2) does not mean that branch 
number 3'is clockwise in its position with reference to the branch 
below (in this case it is counterclockwise); it means that the 
smaller secondary branches on branch number 3' are arranged 
in a clockwise spiral on that branch. Whether branch number 3' 
is clockwise or counterclockwise with reference to the branch 
at the node below is shown by the numbers assigned to the 
branches as described above. In plant 15 the apparent reversal 
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would be eliminated if there were two branches at the second 
node instead of one. Figure 4 shows a case similar to this. There 
the branch at the second node represented is clockwise to that at 
first, but from there on the branches are arranged in a counter¬ 
clockwise spiral. Plant number 1 shows just the opposite con¬ 
dition; there branch number 4' is counterclockwise to branch 
number 2, but from there on the branches form a clockwise spi¬ 
ral. Plere again there would be no reversal if there were a branch 
in the axil of each of the leaves of the third node, instead of the 
single branch there. 

Branch number 2 of plant 11 had a secondary branch in the 
axil of each leaf of the first node, and each succeeding node had 
but a single branch; that at the third node was clockwise to that 
at the second, that at the fourth node clockwise to that at the 
third, that, at the fifth node clockwise to that at the fourth; but 
the branch at the sixth node was counterclockwise to that at the 
fifth and those at the seventh, eighth, ninth, and tenth nodes 
formed a counterclockwise spiral. This would rather appear like 
a real reversal. As stated above, each node is probably potentially 
capable of producing at least one branch in the axil of each of 
the two leaves and when this occurs the branches are no longer 
arranged in a single spiral; but even if this occurred in a case 
like the one described above, they would then form two spirals 
(each with a reversal) in the order of their appearance; this would 
also be evident, as shown in figure 3, from the difference in size 
of the two branches at each node. 

A record was also kept of the arrangement of the secondary 
branches on the primary branches (as in the case just described). 
In these primary branches each leaf of the first node, almost 
without exception, had a secondary branch in its axil and the 
succeeding nodes each had but a single branch, forming a clock¬ 
wise or counterclockwise spiral as indicated in tables 1 and 2. 
The tertiary branches on the secondary were mostly in just the 
same fashion. Thus, while the main stem often had two or more 
branches at the first three nodes, the primary branches, in the 
earlier stages at least, usually had two secondary branches only 
at the first node; and the secondary branches, like the primary, 
usually had two tertiary branches only at the first node, and one 
at each node thereafter. 
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Irregularities were also found on the primary branches. 
Branch number 4 on plant 4 had a single branch in the axil of 
each leaf of the first node, but only a single branch at each 
succeeding node. But the branch at the third node was clock¬ 
wise to that at the second; that at the fourth was clockwise to 
that at the third, that at the fifth counterclockwise to that at 
the fourth, that at the sixth counterclockwise to that at the 
fifth; the branch at the seventh node was clockwise to that at 
the sixth, and the succeeding ones all in a clockwise spiral 
In this case, in which the branch exhibits two reversals in the 
spiral, if the branch at the fifth node were on the opposite side 
of the node, that is clockwise to the branch at the fourth node, 
the secondary branches would have formed a perfect clockwise 
spiral Where there was a change in the direction of the spiral 
the final direction is the one given in the table. 

Not infrequently two branches develop at a node, one in the 
axil of each leaf, while the nodes above and below have just a 
single one. Branch number 1 of plant 18 had the usual two 
branches at the first node, one at the second, third, and fourth 
nodes, two at the fifth, and one from there on; and the branch 
at the sixth node was correctly placed with reference to the 
others—that is the whole branch showed a counterclockwise 
arrangement of the smaller branches, with one extra branch, 
which does not enter into the spiral, at the fifth node. This 
additional branch, not merely here but in other cases as well, 
was less developed than that on the opposite side of the node. In 
some instances no branch developed at a node; as is to be ex¬ 
pected the branch of the node above usually continues the spiral 
just as though the missing branch of the vacant node were 
present. 

Sometimes there is a branch in the axil of each of the leaves 
of a node, with the single branch of the node above situated over 
the branch of the node below the one with the two branches, Or 
again there may be two branches, one above the other, with a 
single branchless node between. 

A rather unusual case was found in the arrangement of ter¬ 
tiary branches on a secondary branch of plant 8. The first node 
had the usual two branches, the succeeding nodes just one. 
The branch at the third node was counterclockwise to that at 
the second, that at the fourth counterclockwise to that the third, 
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that at the fifth clockwise to that at the fourth, the branch at the 
sixth node counterclockwise to that at the fifth, and that at the 
seventh clockwise to that at the sixth. If the tertiary branches 
had originated in a counterclockwise spiral all the way-up this 
secondary branch, with the second, third, and fourth nodes just 
as they are, the branch of the seventh node would have had 
its present position, though those at the fifth and sixth would 
have been different. This branch showed three reversals in six 
nodes. While Thompson (1917) is undoubtedly correct in 
saying that phyllotaxy presents no ‘subtle mystery’ it would 
seem that cases like this do need further study to reveal their 
true nature. While it may well be true that each node is capable 
of producing a branch in the axil of each leaf, the question of 
why one develops more rapidly than the other must then be 
answered. When there are two branches at several consecutive 
nodes, the strongly and weakly developed branches often form 
two distinct spirals. This by no means exhausts the number 
or kinds of variations exhibited by the stem and its branches. 
However the aim is here rather to present the type and the 
common variations from that type. While the variations have 
been emphasized, they are really comparatively few. 

Tables 1 and 2 show first the arrangement of the branches 
on the main stem. Of twenty plants there were nine that had 
these branches In a counterclockwise spiral, and eleven in a 
clockwise spiral. The nine plants of table 2, all having the 
primary branches in a counterclockwise spiral on the main 
stem, had a total of 93 primary branches which were developed 
well enough to disclose the arrangement of the secondary 
branches upon them; and of these 93 branches, 52 showed the 
counterclockwise and 41 the clockwise arrangement of the 
secondary branches upon the primary. Of these secondary 
branches 67 were developed far enough to show in turn the 
arrangement of the tertiary branches upon them—26 were 
in counterclockwise spiral, 41 in clockwise. 

Table 1 shows the eleven plants of the twenty having the 
primary branches of the main axis arranged in a clockwise 
spiral. Of these primary branches, 129 were large enough to 
show how the secondary branches were arranged, and 65 had 
them in the counterclockwise spiral, 64 in the clockwise. On 
these eleven plants 75 secondary branches were sufficiently 
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developed to show the arrangement of the tertiary branches, 
and of these 35 indicated a counterclockwise, 40 a clockwise 
spiral. Adding all these together—the 20 main stems, the 222 
primary branches, and the 142 secondary branches—187 
showed the counterclockwise, 197 the clockwise spiral. Whether 
this difference is of any significance is very doubtful, though 
there is a positive correlation with the overlapping of the sepals 
of the first flower in the inflorescence as will be shown below. 

Of the nine well developed branches of plant 17, eight showed 
the counterclockwise spiral of the secondary branches upon the 
primary, and only one the clockwise; on the other hand plant 
5 had ten branches with the clockwise arrangement, and only 
one with the counterclockwise. Plants 6, 12, 18, and 20 each 
had an equal number of primary branches showing the clock- 
wise and counterclockwise arrangement of their secondary 
branches. There seems to be no regularity in the arrangement 
of branches showing clockwise and counterclockwise spirals 
in the plant, though the total number of each in twenty plants 
was nearly the same. 

The leaves of the younger plants are all petioled. Sometimes 
the leaves even at the base of the inflorescence are very short- 
petioled. This is unusual however; typically several pairs of 
leaves below the inflorescence are sessile. Sometimes a very 
considerable number of nodes, six or eight or more, have ses¬ 
sile leaves before the first flowering node is produced. 

There is similar variation in the pubescence. For a distance 
of two internodes below the inflorescence the stems are as as 
rule glandular-pubescent. But this varies somewhat, sometimes 
three internodes, sometimes only one showing this distribution. 
The glandular character of the pubescence seems less pro¬ 
nounced some distance from the inflorescence. The stems are 
usually pubescent on all sides (where they are pubescent at 
all); but sometimes the pubescent internode farthest from the 
first flower has just a line of hairs, suggesting the condition 
in Stellaria media . • The leaves (or bracts) of the inflorescence 
are glandular-pubescent as well as the branches, as are the 
leaves at the node below the first flower. 

The flower of S, aquatica has five sepals, two outer, two 
inner and one partly outside and partly inside; this quincuncial 
imbrication is associated with the order of appearance of the 
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sepals in spiral sequence as described in the older literature 
(Wichura, 1847; Payer, 1857) and is typical for many dicotyle¬ 
donous families. There are obviously two possible arrange¬ 
ments which are shown in figures 6 and 7; in these figures the 
sepals are numbered as in the works cited. When the main axis 
or one of the branches is terminated by a flower, the orientation 
of the critical sepal (number 3) is correlated with the clockwise 
or counterclockwise arrangement of the smaller branches upon 
the main axis or branch in question. When the arrangement 
of the branches is counterclockwise, the sepals are oriented as in 
figure 6 (clockwise); when it is clockwise, the sepals are oriented 
as in figure 7 (counterclockwise). This seems to hold with but 
very few exceptions. The first flowers on 153 branches were 
examined, and in 152 the overlapping of the sepals and the 
arrangement of the branches were as described above. In 
figures 6 and 7, A and B represent the bracts at the base of 
the pedicel of the flower, and C and D the bracts or leaves of 
the node below. Progressing up the stem in a counterclock¬ 
wise spiral, the branch in figure 6 at the node below the one 
bearing the flower will be in the axil of the leaf C; progressing 
up the stem in a clockwise spiral, the similar branch in figure 
7 will also be in the axil of the leaf C. Thus the position of 
the sepals with reference to the bracts, leaves, and branches 
is fixed. After anthesis the pedicel will bend, and it bends to¬ 
ward leaf D and away from leaf C in each case. A branch now 
appears in the axil of bracts A and B. This branch produces 
a single internode and then a node with two bracts, each with 
their midveins parallel to the midveins of bracts C and D. 
The branches bearing these bracts are not vertical like the 
stem, but oblique as in practically any dichotomous cyme. 
These points are shown in figure 4; the stem of the plant illus¬ 
trated there was decumbent, becoming erect toward the apex; 
therefore in the drawing the inflorescence appears to project 
toward you. The branches in the axils of bracts A and B 
in figures 6 and 7 will be found each to produce a flower at the 
first node; this terminates each of these branches. But the 
flower of the branch in the axil of bract A in figure 6 will have 
the sepals originating in clockwise sequence as in figure 6; 
the flower terminating the branch in the axil of bract B in 
figure 6 will have the sepals originating in counterclockwise 





Fig, 5b. Diagram of an inflorescence of aquatica . Explanation in the text. 
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sequence as in figure 7. The flower terminating the branch in 
the axil of bract A in figure 7 wil! have the sepals originating 
in counterclockwise sequence; and that terminating the branch 
of bract B in figure 7 will have the sepals originating in clock¬ 
wise sequence. Thus these branches are just opposite in this 
respect in figures 6 and 7. Each of these branches in turn pro¬ 
duces two branches at its only node; these also have but a 
single additional node and a flower, that terminating the one 
branch having the sepals as in figure 6, that terminating the 
other having the sepals as in figure 7. This is shown more clear¬ 
ly in the diagram of the cyme in figure 5b, where these rela¬ 
tionships can readily be followed. There the flowers are num¬ 
bered, and the bracts associated with a flower have the same 
number as that flower. Thus bracts A 1 and B 1 are at the base 
of the pedicel of flower number 1. Flowers having the sepals 
originating in clockwise sequence are indicated with a '; 
and flowers terminating branches arising at the same or similar 
nodes in the inflorescence have the same number. 

A rule for determining these relationships which can be 
followed is to stand with the reflexed pedicel of the flower 
(reflexed after anthesis) toward you. The flower of the branch 
on your right (marked R in figure 5a) of the node above the 
reflexed pedicel will then usually have the sepals overlapping 
as in figure 7; the flower of the branch on your left (marked 
L in figure 5a) of the node above the reflexed pedicel will 
then have the sepals overlapping as in figure 6. Furthermore 
the bract toward you of the node above the reflexed pedicel 
on the branch on your right will be bract B in figure 7; the 
bract toward you of the node above the reflexed pedicel on the 
branch on your left will be bract B in figure 6. Bracts A in both 
cases wall be on the sides of the branches away from you. The 
pedicels of each of these flowers will become reflexed after 
anthesis and a branch will originate in the axil of each of their 
subtending bracts; the same rule can then be applied there. 
All this is also evident from figure 5b. In that figure the direc¬ 
tion of the bending of the pedicels is indicated by arrows. 

Exceptions to the general rules laid down above are rather 
frequent. Of 373 flowers (excluding the first of a cyme) 
examined while they were open, 24 did not conform. A com¬ 
mon condition was to have both of the branches originating 
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at the same node in an inflorescence terminated by flowers with 
the same sepaline arrangement, instead of having the sepals 
of one flower as in figure 6, of the other as in figure 7. In some 
instances both branches had flowers with the sepals as in fig¬ 
ure 6, in others both flowers had the sepals as in figure 7. 

The pedicels after an thesis will bend in a definite fashion. 
If the flower they support has the sepals as in figure 6 they will 
bend so that they are more or less parallel with the midvein 
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Fig. 6. Arrangement of the bracts and of the sepals in a flower in which 
the latter originate in clockwise sequence. Fig. 7. Arrangement of the 
bracts and of the sepals in a flower in which the latter originate in counter¬ 
clockwise sequence. 

of bract D of the node below; this is equivalent to saying that 
if a pedicel supports a flower having the sepals as in figure 6, 
it will bend so that it is more or less parallel with the midvein 
of bract A of the node below, provided this latter bract sub¬ 
tends a flower with the sepals as in figure 6, since bract A in 
that case becomes bract D with reference to that node above. 
If this flower of the node below has the sepals as in figure 7, 
then the pedicel supporting a flower having the sepals as in 
figure 6 will bend after anthesis so that it is more or less paral¬ 
lel with the midvein of bract B of that node below. 
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If, on the other hand, a pedicel supports a flower having the 
sepals as in figure 7, it will bend after anthesis so that it is 
more or less parallel with the midvein of bract D of the node 
below; in other words, if a pedicel supports a flower having the 
sepals as in figure 7, it will bend so as to become more or less 
parallel with the midvein of bract A of the node below, provided 
this latter bract subtends a flower with the sepals as in figure 7. 
If this flower of the node below has the sepals as in figure 6, then 
the pedicel supporting a flow r er having the sepals as in figure 7 
will bend after anthesis so that it is more or less parallel with 
the midvein of bract B of the node below. 

This spatial configuration persists throughout the inflores¬ 
cence; it is shown diagrammatically in figure 5b; it is shown also 
in figure 5a, which is a drawing of an actual specimen, slightly 
schematized in that the slight twistings of the internodes have 
been somewhat disregarded to give greater clarity. 

In the inflorescence, as in the vegetative branching, there 
may be poorly developed branches, or branches may fail to 
develop entirely. If one of the two branches originating at a 
flowering node is less developed than the other, it; will as a 
rule be the one terminated by the flower whose calyx is homo- 
dromic with that of the flower subtended by the bracts in the 
axils of which both branches originate. Thus in figure 6 the 
flower will bend toward bract D after anthesis; the branch in 
the axil of bract A will be terminated by a flower whose sepals 
are homodromic with those of figure 6; that in the axil of bract 
B wall be terminated by a flower whose sepals are antidromic 
with those of figure 6, If one of these two branches is poorly 
developed it will as a rule be that in the axil of bract A , If one 
of these two branches fails to develop entirely it will also be 
the one in the axil of bract A. If one of the bracts subtending 
the flower in figure 7 had a weakened branch in its axil it would 
be bract A ; and if only one branch develops it will be the one 
in the axil of bract B . This applies to any part of the inflores¬ 
cence, as may be deduced from figure 5a. There it is evident 
that if a branch of the inflorescence is poorly developed or 
fails to develop entirely it will as a rule be the one terminated 
by a flower whose calyx is homodromic with that of the flower 
in the axil of whose bract this branch originated. In figure 5a 
the relative length of the internodes is just as it was in the 



1929! 


MATZKE: VARIATIONS IN STELLARIA 


503 


actual specimen. Of 51 recorded observations on the failure 
of one of the branches at a node to develop, only one was not 
according to the rule formulated above. It is not unusual to 
find two branches at a node and no flower, a flower and no 
branches, a flower and one branch, or a flower and one small 
and one large branch. 


THE FLOWER 

In comparison with the flowers of Stellaria media those of 
S. aquatica are relatively stable with reference to the number 
of parts. But even in S. aquatica there is considerable variation; 
and since the variability seems to be due in part at least to 
reduction of parts, a study of a form in which reduction is 
manifested to only a limited extent might show the early stages 
of reduction. The data given below have been accumulated 
with the intention of determining whether the variations oc¬ 
curring in this species are as unordered as might at first appear, 
and of determining as far as possible the range and limitations 
of these variations. 

No microscopical examination of the stages in the devel¬ 
opment of the flower has been made in this study to determine 
the exact relationship between the bracts subtending the 
flower in the bud, and the sepals. This relation was studied 
In 65 cases in which the flower had opened; this is not very 
satisfactory, since there is often a twisting of the pedicel of 
the flower which obscures the true relationship. The results 
obtained are in essential agreement with those of Wichura 
(1846, 1847). Wichura’s figures are similar to those of later 
authors (Eichler, 1878; Warming, 1904; Beguinot, 1920). 
Eichler’s figure has been widely adopted, among others by 
Pax (1889) and Rendle (1925). 

As mentioned above, the overlapping of the sepals may be 
of two types, depending upon their origin, in clockwise se¬ 
quence as in figure 6, and in counterclockwise sequence as in 
figure 7. Branches having the smaller branches upon them in 
clockwise spiral are terminated by flowers whose sepals origi¬ 
nate in counterclockwise sequence; those having the smaller 
branches in counterclockwise spiral are terminated by flowers 
whose sepals originate in clockwise sequence. Of 1180 flowers 
examined, 579 had the sepals originating in clockwise sequence 
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(as in figure 6), 601 in counterclockwise sequence (as in figure 
7). This difference is not very striking, but, as shown above, 
there were also more branches having the clockwise arrange¬ 
ment of their smaller branches and hence the counterclockwise 
sequence of the sepals in their first flowers. 

The typical flower of S. aquatica is pentacyclic, pentamerous, 
and syncarpous. As indicated in table 3, however, there is 
considerable variation from this type. The data shown there 
were obtained from plants growing wild. In the vicinity of the 
city of New York the flowering period begins about the first 
week in July and extends to the end of November or beginning 
of December. 

a. The calyx. The sepals varied in number from four to 
six—a rather small range. There is no time during the flowering- 
period in which the number varies greatly. In table 3 there is 
shown a slight increase in the number of sepals in the beginning 
of October, but whether this is of any significance is question¬ 
able. Of all the parts of the flower the sepals showed the least 
variation in number—27 flowers with four sepals, 3756 with 
five, and 7 with six, making a total of 34 with other than five 
sepals against 3756 with five, or less than one per cent. 

The size of the sepals varies greatly, the first formed in an 
inflorescence usually being about 8 mm. long in fruit. Those 
later formed are smaller; in flowers with sterile stamens they 
are often much smaller, and in completely sterile flow r ers 
they are sometimes hardly more than a millimeter in length or 
even less. 

Four-sepaled flowers are in general of two kinds: those in 
which all or nearly all the parts are in multiples of four, and 
those in which the remaining parts are in multiples of five. 
In the latter there is obviously a fusion of two sepals, or the 
formation of one sepal of approximately twice the dimensions 
of a typical sepal. A study of the vascular system has been 
made (to be published shortly), which shows that the inter¬ 
nal structure is correlated with the two kinds of four-sepaled 
flowers indicated above, and that the difference is not merely 
superficial. Figure 16 is a diagram of a flower with four sepals 
all of the characteristic form; in figure 17, on the other hand, 
all parts of the flower are regular except one sepal which is 
obviously double the normal size, and has three stamens and 
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TABLE 3 


Variation in number of floral parts in Stellaria aquatic a 
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a petal opposite it instead of a single stamen. These diagrams, 
as well as all the others, are representations of actual flowers, 
and the two just discussed are not uncommon. Figure 18 
shows a case in which all four sepals are apparently normal, 
none is appreciably larger than the others; whether one of the 
sepals was supplied with double the amount of vascular tis¬ 
sue, whether one of them has become entirely petaloid, or 
whether the internal parts correspond with the external appear¬ 
ances remains to be investigated. It is not unusual in four- 
sepaled flowers to have only nine stamens, and sometimes 
three-lobed petals occur. 

Two additional factors support the view that the large 
sepals described above are in reality two sepals fused; first 
the occurrence, rather rarely, of a single large sepal more or 
less two-lobed, indicating partial fusion; and secondly the fact 
that different sepals are apparently fused at different times. 
The commonest arrangement in flowers having four sepals, 
one larger than the others, is to have two inner sepals alter¬ 
nating with two outer, sepal 3 of figures 6 and 7 being apparent¬ 
ly eliminated. One of the inner sepals then is twice its normal 
size, suggesting that there has been a fusion of sepals 3 and 
5 of both figures. This is illustrated in figure 17. In two flowers 
the calyx consisted of an outer sepal, then (going in clockwise 
direction) an oblique one, like sepal 3, this being double, then 
an inner sepal, then another oblique one, suggesting that se¬ 
pals 4 and 2 in figure 6 had fused. In another flower the arrange¬ 
ment, in clockwise fashion, was an oblique sepal (double), 
an outer sepal, another oblique sepal, and an inner sepal, 
indicating that sepals 2 and 4 of figure 7 had fused; all the other 
parts of the flower were in multiples of five. This evidence 
indicates strongly that there can be fusion of different sepals, 
the oblique one (number 3) with an inner, or an outer with an 
inner sepal. 

Sometimes in the calyx of S. aquatica there are sepals that 
are partially petaloid. This may be evident as merely a fine 
white line appearing in the center or on one side of the sepal; 
in other cases there are two white lines; from this there are all 
gradations to that condition in which the sepal is a two-lobed 
structure, one lobe of which is white, to that in which practical 
ly the whole sepal is white and two-lobed with just a trace of 
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green. The sepal affected in 40 flowers in which one was more 
or less petaloid in character, was in each case one of the inner 
ones; and of the 40 instances, sepal number 4 was affected 12 
times, sepal number 5, 28 times; this shows that the sepal 
nearest the petaline whorl in origin most frequently becomes 
more or less petaloid. One flower (fig. 18) was observed having 
four sepals all apparently normal, but between two there were 
three petals; it is possible that the middle petal of these three 
was a transformed sepal; the positions of the styles would sub¬ 
stantiate this though there were only nine stamens. This 
is merely a suggestion and awaits further histologic investiga¬ 
tion. This discussion of the petaloidy of the sepals is not offered 
as anything new; nevertheless it is intimately associated with 
the question of the origin of the perianth, a problem that has 
been debated up to the present but not wholly settled. 

b. The corolla. Greater variation in both range and num¬ 
bers was shown by the petals than by the sepals. There 
were 20 flowers with four petals, 3721 with five, 46 with six 
and 3 with seven. Here again there seems to be no time during 
the flowering period at which the number of petals is decidedly 
greater or less than at any other, though there was consider¬ 
ably more variation in August than at any other time; but the 
number of individuals was not very large for such a study. 

By means of sepal 3 it is possible to determine the position 
in the flower in which additional petals most frequently occur. 
The number of times that additional petals occurred in each 
position in figures 6 and 7 is shown in tables 4 and 5. It is evi¬ 
dent that additional petals very rarely occur opposite the se¬ 
pals. Supernumerary petals usually occur between sepals 2 
and 4, at position h in both figures. The additional petals at 
h numbered 32, those at all the other positions combined totaled 
only 18. The occurrence of additional petals in position h is 
shown in figures 19, 20, 21, and 23. It is thus possible to pre¬ 
dict where in the flower extra petals will usually occur. 

Of 46 flowers with one additional petal, 27 also had an 
additional stamen opposite that petal, fourteen had just one 
stamen associated with the two petals, four had no stamens with 
either petal, and one had three stamens with the two petals. 
In the greater number of cases, then, there is an additional 
stamen opposite an additional petal. This rather emphasizes 
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the close relationship between stamens and petals. Limited 
data indicate that when a petal is missing the stamen usually 
develops just the same. But this point needs further investiga¬ 
tion. 

Three flowers having seven petals showed considerable 
variation in the distribution of the latter; one flower had two 
additional petals between the same two sepals, another had 
two on each side of a single sepal (instead of just one), and the 
third had six sepals with two petals between one pair. 

TABLE 4 

Number of additional petals and additional , missing , and sterile 
stamens in each position in flowers having the sepals 
arranged in counterclockwise sequence as in figure 7 


SEPAL NO. 

1 
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63 

(66.4) 

52 

(54.8) 

101 

(106.4) 

92 

(96.9) 
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(125.4) 

90 

(94.9) 

141 

(148.5) 

533 

401 


Petals having three lobes instead of two not infrequently 
occur. Sometimes one of the three lobes is smaller than the 
others (usually the central one); in other cases the three are all 
of approximately equal size. Of five five-sepaled flowers like 
that in figure 7, having a three-lobed petal, four had it in posi¬ 
tion h. Of four flowers like that in figure 6, three had the three- 
lobed petal at h, making a total of seven out of nine possible 
cases at h; the other two positions were d in figure 7 and b in 
figure 6. The position h is the one in which additional petals 
also most frequently occur. There were also two four-sepaled 
flowers having three-lobed petals. Of eleven flowers having 
three-lobed petals, six had a single stamen associated with the 
three-lobed petal, five had two stamens, showing that it is not 
unusual to have an increase in the number of stamens associated 
with an increase in the petal quantity. 

Simple petals (not two-lobed) are also found in S. aquatica . 
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There were nine such cases observed, one occurring at points 
h and b in figure 7, one at h and k and five at d in figure 6. 
Such petals were associated with a single stamen, as in the 
case of normal petals. 

In addition to these non-Iobed petals, others sometimes 
occur in which the lobes are of unequal size. Then too there 
are flowers in which the petals are much reduced in size. This 
is particularly true of the flowers with sterile stamens produced 
especially toward the end of the year; in these the corolla 
may be no larger than the calyx, and sometimes it is decidedly 
smaller. 

TABLE 5 

Number of additional petals and additional, missing, and sterile 
stamens in each position in flowers having the sepals 
arranged in clockwise sequence as in figure 6 


SEPAL NO. 

1 


4 


2 


; 5 


3 


TOTAL NUMBER 

TOTAL 

tables 4 and 5 

POSITION 
IN FLOWER 

a 

k 

i 

h 

g 

f 

; 

i e 

d 

c 

b 

Alternate 

with 

sepals 

Opposite 

sepals 

Alternate 

with 

sepals 

Opposite 

sepals 

Additional 

petals 


3 


10 




3 


! 

16 

0 

47 

3 

Additional 

stamens 


: 

6 

9 



1 

1 

.1; 


10 

8 

: 

36 

■ . 

23 

Missing 

stamens 


2 | 


2 

2 

5 

1 



' 2 

11 

3 

32 

7 

Sterile 

stamens 

: 

ns 

135 

99 

118 

109 

112 

65 

68 

69 

94 

527 

457 ! 

1060 ; 

858 


Sometimes one or several of the petals are reduced, while 
the others are of the normal size. There may thus be petals 
of different sizes in the same flower. The most extreme reduc¬ 
tion takes place in the minute totally sterile flowers in which 
the petals are sometimes reduced practically to the vanishing 
point. 

Petals more or less green (usually less) have been observed. 
This is a suggestion of sepaline character. Further suggestion 
of the relationship between sepals and petals is offered by the 
occurrence of two-lobed sepals with one lobe green and the 
other -#hite, with the petal missing which should be adjacent to 
the white half of the sepal. Whether such instances are cases 
of fusion between members of the two whorls remains to be 
established for 5. aguatica . 
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Anthers sometimes occur on petaloid structures. This 
was observed in only four cases in this species, and in each of 
these the petaloid structure was in addition to the usual num¬ 
ber of petals. In one instance the stamen, anther and filament, 
were apparently fused with a petaloid structure, as all were 
distinguishable. In the other three the anthers were simply 
borne on a petaloid outgrowth, simple in two cases, two-lobed 
like a petal in the other. In each instance there was the usual 
complement of ten stamens also, so that these structures 
were supernumerary with regard to both petals and stamens. 
Whatever interpretation may be placed upon them, their oc¬ 
currence further emphasizes the close relationship between 
stamens and petals. 

c. The androecium. The number of stamens varies decidedly 
more than that of the sepals and petals, as indicated in table 
3. Of 3790 flowers 7 had eight stamens, 62 had nine, 3667 
had ten, 51 had eleven and 3 had twelve. The ten usual stamens 
are arranged five opposite the sepals and five opposite the pet¬ 
als. In the floral diagrams below they have been drawn 
as two whorls in the obdiplostemonous arrangement. The 
question of obdiplostemony is to be considered further in the 
study of the internal structure of the flower. Each of the antesep- 
alous stamens is provided with a gland at the base of the 
filament. 

As indicated in tables 4 and 5 the positions in each of the 
two kinds of flowers in which additional stamens most usually 
occur are h and i. Of 41 supernumerary stamens occurring 
in flowers having the sepals in counterclockwise sequence 19 
were at h and 10 at i\ and of 18 additional stamens in flowers 
in which the sepals originated in clockwise sequence 9 were at 
h and 6 at i. Out of a possible 59, 44 of the additional stamens 
occurred in these two positions; additional stamens at h 
were more frequent than at i. The close proximity of these 
two positions may also be of significance. Figures 19, 20, 24, 
25, and 26 illustrate the occurrence of extra stamens in these 
positions. 

; Position h is important, then, because it is there that addi¬ 
tional petals, three-lobed petals, and additional stamens 
most frequently occur. Furthermore position h with the cen¬ 
ter of sepal 3 establishes an axis passing through the center 
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of the flower. This axis corresponds in position with axes of 
symmetry in the flowers of Hyoscyamus dibits, Stigmaphyllon , 
Hiptage Madablota , Camarea triphylla , Trigonia simplex , 
Ilirtella triandra , Cottepia macrophylla, Licania macro phylla , 
Parinarium Gardneri , and Ilirtella Spritcei (Eichler 1875, 1878). 

Of 36 supernumerary stamens opposite petals, 27 were 
associated with an additional petal, 4- with a three-lobed petal 
(the fifth three-lobed petal mentioned above being in a flower 
having nine stamens) and in only 5 cases were two stamens 
associated with a single petal. This again emphasizes the close 
relationship between these structures. It is not unusual to 
find two stamens opposite a sepal and then there is no additional 
petal or sepal. 

The position at which a stamen may most easily be lost 
also seems to be relatively fixed. As indicated in tables 4 and 
5 position / more frequently is without a stamen than any other. 
In 18 cases out of 39 this was the position affected. In only 7 
instances out of 39 was a sepaline stamen lost. The failure of 
a stamen to develop in position/is shown in figures 27 and 28. 
With the center of the flower position / establishes another 
axis; this is similar in position with axes of symmetry in the 
flowers of Petunia nyctaginiflora, Schizanthus retusus , Salpiglos- 
sis sinuata , Anacardium occidentale, Saxifraga granulata, Saxi- 
fraga sarmentosa , and Cassia caroliniana (Eichler 1875, 1878). 
Through these axes, shown in figure 5b, which are established 
in the flower with a certain amount of constancy, the flower 
seems to be losing its regularity and taking on a form which, 
to a certain extent at least, is zygomorphic with respect to 
certain whorls. 

Eight stamens have been found in four- and five-sepaled 
(lowers, nine in four-, five-, and six-sepaled flowers, ten in four- 
and five-sepaled flowers, eleven and twelve in five- and six- 
sepaled flowers. 

When a stamen is missing it frequently happens that the 
filament of one of the adjacent stamens, instead of being more 
or less in a plane with the axis of the flower, leans over into 
the space in which the stamen is missing, the anther sometimes 
being extended beyond the place that the missing stamen would 
occupy. 

Sterility in the androecium. Flowers of S. aquatica frequently 
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have one or more of the stamens modified into staminodia. 
There are all grades in the sterility of the stamens. All the 
normal anthers examined showed some small pollen grains. 
From this condition of normal minimum which seems to pre¬ 
vail in all flowers there are examples of all grades in the increase 
in the proportion of sterile grains to cases in which the majority 
of the grains in an apparently normal anther are small and 
shrivelled. Likewise there are stamens which have normal 
anthers with the usual proportion of normal grains but with 
the filament shortened; or the filament may be of the usual 
length but the whole anther shrivelled and dry in appearance. 
Such anthers have a fraction at least and more usually all 
of the grains shrivelled. There are examples of all stages in the 
decrease in the size of the anthers, from those only slightly 
below normal to those in which the anther consists merely of 
an extremely minute membranous structure without pollen 
grains; sometimes there appears to be a yellow mass within 
the anther, not developed into grains; sometimes this too is 
lacking. This reduction of the anthers is accompanied as a 
rule by a reduction in the size of the filaments, so that sterile 
stamens are often very small structures barely visible to the 
naked eye; sometimes they appear merely as minute micro¬ 
scopic papillae. It occasionally happens that half an anther 
is normal with normal grains, the other half small with shriv¬ 
elled grains, 

Preliminary germination tests which have been made indi¬ 
cate that the small shrivelled grains do not germinate under 
conditions identical with those permitting the formation of 
tubes in the normal grains. 

Tables 4 and 5 show the positions of the staminodia in 
flowers having from one to nine stamens sterile; all are here 
grouped together except those having all ten stamens sterile. 
Table 4 was compiled from 305 flowers having a total of 934 
staminodia, or 3.06 staminodia per flower; table 5 gives data 
from 300 flowers having a total of 984 staminodia or 3.28 
staminodia per flower, giving an average of 3,17 staminodia 
per flower. 

In the flowers examined the production of reduced stamens 
was more common in the antepetaline than in the antesepaline 
whorl a total of 1060 sterile stamens in the former to 858 
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TABLE 6 

Sterile stamens in Stellaria aquatica 


DATE 

NUMBER OF FLOWERS WITH THE FOLLOWING 
NUMBER OF STERILE STAMENS 

123456789 10 

Number of flowers 
with sterile 
stamens 

Number of sterile 
stamens on re¬ 
spective days 

Number of flowers 
examined on re¬ 
spective days 

Per cent of flowers 
examined with 
sterfle stamens 

Total number of 
stamens on re¬ 
spective days 

Per cent of stamens 
sterile 

July 

8 

— 

— 


— 


— 

~~ 

— 

— 

— 

; 0 

0 

18 

0 

! 180 

0.0 

“ 

14 

1 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

1 

90 

1 

i 902 

0.1 

« 

18 

— 

— 

—„ 

— 

—, 

—• 

— 

— 

— 

— 

0 

0 

100 

0 

998 

0.0 

“ 

20 

6 

•— 

— 

— 

— 

— 

— 

— 

— 

— 

6 

6 

100 

6 

1 1001 

0.6 

11 

22 

1 

1 

1 

3 

— 

2 

— 

■— 

— 

2 

10 

50 

100 

10 

998 

5.0 

11 

26 

— 

— 

1 

2 

1 

— 

— 

— 

—- 

— 

4 

16 

100 

4 

1002 

1.6 

" 

28 

3 

3 

3 

— 

— 

2 

— 

— 

— 


11 

30 

100 

11 

997 

3.0 

Aug. 

4 

4 

— 

— 

1 

1 

— 

2 

— 

— 

— 

8 

27 

100 

8 

1000 

2.7 


8 

2 

— 

— 

1 

l 

2 

— 

1 

— 

1 

8 

41 

100 

8 

; 1006 

4.1 

“ 

17 

7 

4 

1 

3 

1 

1 

— 

1 

— 

4 

22 

89 

100 

22 

1003 

8.9 

u 

20 

— 

1 

1 

1 

—- 

1 

*— 

— 

— 

1 

5 

25 

100 

5 

1005 

2.5 


22 

8 

6 

3 

4 

3 

3 

1 

— 

1 

3 

32 

124 

101 

32 

1007 

12.3 

u 

25 ! 

5 

l 

1 

— 

2 

— 

— 

— 

— 

— 

9 

20 

100 

i 9 

i 1003 

2.0 


31 

— 

1 

1 

— 

— 


— 

— 

— 

— 

2 

5 

70 

3 

703 

0.7 

Sept, 

. 8 

1 

5 

4 

1 

1 

2 

1 

3 

1 

1 

20 

94 

37 

54 

369 

25.5 

a 

9 

3 

2 

—. 

— 

1 

1 

— 

— 

•— 

3 

10 

48 

15 

67 

150 

32.0 

u 

27 

4 

6 

1 

2 

— 

1 

— 

— 

2 

1 

17 

61 

91 

19 

911 

6.7 

it 

28 

3 

4 

l 

3 

2 

— 

2 

— 

3 

2 

20 

97 

88 

23 

878 

11.0 

it 

29 

8 

3 

2 

2 

1 

— 

3, 

1 

— 

— 

18 

48 

100 

18 

1000 

4.8 


30 

5 

— 

3 

3 

— 

— 

— 

— 

__ 

*— 

11 

26 

105 

10 

1045 

2.5 

Oct, 

1 

5 

— 

6 

4 

3 

1 

2 

— 

— 

— 

21 

74 

83 

25 

826 

9.0 

a 

2 

2 

4 

4 

— 

• — 

1 

— 

3 

— 

— 

14 

52 

66 

21 

656 

7.9 

u 

3 

7 

— 

3 

2 

3 

t 

— 

— 

— 

1 

17 

55 

85 

20 

845 

6.5 


4 

11 

3 

2 

1 

— - 

1 

3 

— 

— 

— 

21 

54 

113 

l 19 

1125 

4.8 

u 

5 

7 

5 

2 

4 

1 

— 

— 

1 

— 

1 

21 

62 

104 

! 20 

1039 

6.0 

“ 

6 

6 

4 

1 

1 

1 

1 

— 

— 

*— 

—, 

14 

32 

112 

1 13 

1120 

2.9 

u 

7 

7 

1 

2 

— 

1 

— 

1 

—- 

— 

— 

12 

27 

50 

24 

500 

5.4 

<t 

8 

2 

1 

■— 

—* 

— 

— 

1 

1 

— 

1 

6 

29 

37 

16 

368 

7.9 

u 

9 

9 

2 

4 

3 

1 

2 

1 

6 

1 

3 

32 

148 

109 

29 

1087 

13.6 

» 

12 

6 

7 

3 

— 

1 

1 

1 

2 

— 

2 

23 

83 

119 

19 

1190 

7.0 

u 

13 

12 

3 

2 

3 

—» 

—- 

1 

*— 

— 

1 

22 

53 

133 

17 

1330 

4.0 

« 

14 

2 

1 

i 

1 

2 

1 

— 

— 

— 

•— 

8 

27 

107 

7 

1071 

2.5 

« 

16 

3 

— 

—, 

2 

1 

— 

2 

1 

— 

— 

9 

38 

98 

9 

979 

3.9 

u 

18 

5 

6 

3 

2 

2 

—- 

1 

— 

— 

— 

19 

51 

44 

43 

440 

' 11.6 


20 

7 

3 

1 

1 

•— 

— 

— 

-— 

— 

— 

12 

20 

91 

13 

911 

2.2 

“ 

23 

5 

4 

1 

1 

1 

1 

— 

»— 

— ■ 

*— 

13 

31 

too 

13 

1000 

3.1 

a 

27 

4 

— 

1 

1 

— 

—- 

1 

1 

— 

—* 

8 

26 

53 

15 

530 

i 4.9 

“ 

28 

7 

3 

1 

1 

1 

—■ 

—- 

— 

— 

1 

14 

35 

94 

15 

940 

1 3.7 

« 

31 

3 

1 

5 

1 

3 

1 

— 

— 

2 

3 

19 

93 

43 

44 

429 

| 21.7 

Nov. 

2 

1 

5 

4 

3 

3 

3 

1 

1 

_ 

_ 

21 

83 

64 

33 

640 

I 13.0 

ft 

4 1 

4 

6 

1 

• 2 

1 

— 

2 

2 

■— 

6 

24 

122 

77 ! 

31 

770 

| 15,8 

« 

7 

2 

7 

2 

2 


1 

2 

.— 


2 

18 

70 

62 

29 

622 

i 11.3 

ft 

10 

4 

2 

1 

1 

4 

1 

l 

1 

1 

10 

26 

165 

49 

53 

491 

33,6 

i* 

11 i 

2 

6 

3 

2 

3 

3 

I 

1 

— 

3 

. 24 

109 

46 

52 

460 

23.7 

“ 

14 

7 

6 

2 

3 

2 

1 

2 

1 

— 

— 

24 

75 

42 

57 

421 

17.8 


17 

6 



1 


— 

— 


— 

— 

!. 7 

10 

10 

70 

100 

10.0 

« 

18 

3 

3 

—* 

3 

l 

— 

— 1 

1 

— 

— 

: a 

34 

20 

55 

200 

17.0 

« 

19 

3 

1 

2 

«— 

1 

1 

, — 

— 

— 1 

2 

10 

42 

15 

67 

150 

28.0 

u 

21 

2 

1 

1 

2 


1 

— « 

— 

1 

2 

10 

50 

15 

67 

150 

33.3 

“ 

22 

*— 


— 

1 

— 

— 

— 

1 

1 

1 

4 

31 

10 

40 

99 i 

31.3 

« 

25 

1 

1 

1 

—■ 

«— 


1 

2 

1 

. 

. 7 

38 

7 

100 

70 

54.3 

« 

27 

2 



1 


—» 

1 

— 

— 

■ — 

4 

13 

6 

67 

58 i 

22.4 

« 

28 

1 

1 

— 

1 



~~ 

— 

— 

1 

4 

17 

. 5 

80 

49 

34.7 

Dec, 

1 

1 

— 

— 

- 

— 

- 

1 


— 

2 

4 

| 28 

6 

67 

60 

46.7 

Totals 

210 

124 

82 

76 

50 

37 

33 

31 

14 

60 

717 

2685 i 

3790 

19 

37884 

7.1 
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in the latter. Tables 4 and 5 show further the number of these 
in each position in the flower, the letters being the same as in 
figures 7 and 6. In ascending order with reference to the num¬ 
ber of sterile stamens the positions in table 4 are e, d, c, i, g f 
/, a, b, h, k; the order in table 5 is e , d , c , b, i , g, /, a, h, k. These 
orders, excepting b are the same. The total number of sterile 
stamens taken into account in tables 4 and 5 is 1918, of which 
934 are in table 4 and 984 in table 5. Therefore each of the 



Fig. 8. Frequency of the occurrence of sterile stamens, A A of the posi¬ 
tions of the flower having the sepals as in figure 7, BB of the positions of the 
flower having the sepals as in figure 6. 


figures in table 4 was multiplied by 984/934, and the values 
obtained are recorded in parentheses. Then these values and 
those of table 5 were plotted as shown in figure 8. There AA 
is the graph for table 4, 1SB the graph for table 5, The general 
similarity of these curves is quite evident, the greatest incon¬ 
sistency being at b. Why certain positions should have more 
or fewer sterile stamens, in definite ratio with theother positions, 
is not evident. 
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Table 6 gives the number of flowers with 1-10 sterile stamens 
for different days during the flowering period. Thus on July 22, 
there was one flower with one sterile stamen, one with two, one 
with three, three with four, none with five, two with six, none 
with seven, eight and nine, and two with all ten stamens sterile, 
giving a total of ten flowers showing one or more sterile stamens 
and a total of 50 sterile stamens for those ten flowers. The total 
number of flowers examined on that day was 100 and the total 
number of stamens on those 100 flowers was 998. Therefore the 
percentage of flowers showing one or more sterile stamens was 



Fig. 9. Advancing seasonal staminal sterility: A A the per cent of the 
total number of flowers examined on the respective days with one or more 
sterile stamens, BB the per cent of the total number of stamens on the respec¬ 
tive days sterile. 

10; the percentage of the total number of stamens sterile on 
that day was 5.0. These percentages are shown plotted in figure 
9, A A being the percent of the total number of flowers examined 
on the respective days with one or more stamens sterile, BB 
the per cent of the total number of stamens sterile each day. 
The average of the first taking the total number of flowers into 
account, was 19 per cent, that of the second 7.1 per cent. 

In general there is a gradual increase in the number and 
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proportion of sterile stamens toward the end of the season. 
The only striking exception to this general increase was on 
September 8 and 9. It should be stated that torrential rains 
during the first week in September washed away all but the 
older and lower portions of a few plants; this also explains 
the small number of flowers examined on those days. Some 
of the other smaller deviations are less easily explained. The 
plants were growing wild and not all in the same place; the 
flowers were taken at random. Those for instance listed for 
October 18 were found in a more exposed place, and were ap¬ 
parently more liable to insect attack than the others. Some 
variations are to be expected, but the general trend, with the 
one exception mentioned above, can hardly be questioned. 
There is apparently a gradient here associated with metabolic 
activity (Child, 1915a, b). The terms sterile and reduced are 
used in their broadest sense, any stamen showing some evi¬ 
dences of sterility being listed. 

It is apparent from table 6 that the number of flowers 
having just a single stamen sterile is greater than that of flowers 
having two, and that the number of flowers decreases as the 
number of staminodia increases, excepting in flowers having 
all ten stamens sterile; there, there was a decided increase. Such 
flow r ers having all the stamens sterile are really imperfect. A 
limited number of these was cross pollinated and set seed in 
each case, while similar flowers not pollinated did not. Roth 
Henslow (1888) and Rendle (1925) ascribe the derangement 
of the staminal whorls to low temperature, Rendle remarking 
that in S. media ‘the number of abortive stamens is greater 
the colder the time of year. 1 This is in agreement with the re¬ 
sults given above. However they go on to say that in the Al- 
sinoideae the pistillate flowers are in bloom chiefly at the begin¬ 
ning of the flowering period. This does not hold for S. aquatica . 
Plants growing wild in the vicinity of the city of New York 
have been watched for several years. They did not come into 
bloom much if any before the first week in July. Of a total 
of 608 flowers gathered at random during the month of July 
only two had all ten stamens sterile, while in November of 428 
flowers 27 had all the stamens sterile. This indicates that for 
S, aquatica the condition is just the reverse of that given by 
Henslow and Rendle for the Alsinoideae. 
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d. The gynoecium. The styles and carpels of 5. aquatica 
are typically five in number. Bentham (1861, 1862) however, 
reported the occurrence of three-styled flowers in India and 
temperate Asia. Beguinot (1914) gives the variations in the 
number of styles from six to two, four and three being the most 
common after five. He remarks that the percentage of flow¬ 
ers with four styles is greater in June and July and less in 
October and November. 

The number of styles in flowers recorded in table 3 varied 
from three to seven, there being 13 flowers with three, 256 
with four, 3409 with five, 107 with six and 5 with seven. The 
proportion of four-styled flowers here is less than that reported 


TABLE 1 

Variation in number of styles according to months 


MONTH 

NUMBER OF 
FLOWERS 
EXAMINED 

NUMBER OF 

4-styled 

FLOWERS 

PER CENT 

OF FLOWERS 
4-styled 

NUMBER OF 

6-styled 

FLOWERS 

. 

PER CENT 

OF FLOWERS 
6-STYLED 

July 

608 

14 

2.3 

21 

3.4 

August 

671 

52 

7.7 

16 

2.4 

September 

436 

55 

12.6 

9 

2.1 

October 

1641 

107 

6.5 

41 

2.5 

November 

428 

28 

6.5 

19 

4.4 

Totals 

3784 

256 

6.8 

106 

2.8 


by Beguinot, and the proportion of six-styled flowers much 
greater. The four-styled flowers examined by Beguinot varied 
in number from approximately 28 per cent of the total number 
in June and July to 13.24 per cent in October and November, 
and only 3 out of 814 flowers were six-styled. In table 7 the 
data given in table 3 are arranged according to months; in 
contrast to the figures for the Mediterranean region the data 
for New York indicate a variation in the proportion of four- 
styled flowers from 2.3 per cent in July to 12.6 per cent in 
September, the proportion of the total number of flowers four- 
styled being 6.8 per cent. Of course the variation in the months, 
if seasonal, would not correspond with that in Italy and the 
Mediterranean countries. The percentage of six-styled flowers 
varied from 2.1 to 4.4 per cent, the proportion of the total 
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number of flowers six-styled being 2.8 per cent. Thus the per¬ 
centage of six-styled flowers, while low, was not entirely negligi¬ 
ble, and in July actually exceeded that of the four-styled flowers. 
The proportion of three-styled flowers found is less than that 
reported by Beguinot. 



Fig. 10. Position of the styles in 20 four-styled (lowers having the sepals 
overlapping as in figure 6. 


The five styles of 5. aquatica typically alternate with the 
five sepals i.e. the carpels are opposite the petals. Therefore 
in four- and six-styled flowers there must of necessity be some 
asymmetry. In figures 10 and 11 the positions of figures 6 and 7 
are plotted and lettered as in those figures. The circles in those 
figures represent the styles, each of the flowers there diagrammed 
having four. Figure 10 thus shows the positions of the styles 
in 20four-styled flowers; in figure 11,21 flowers are represented. 


















1929] 


MATZKE: VARIATIONS IN STELLARIA 


519 


In the normal five-styled flower there is a style in positions 
b, d,f , h, k. The data here presented are subject to some error 
because of the bending of the styles and stigmas. However 
by examining the .styles near the base this difficulty is partly 
overcome at least. This procedure was followed. The splitting 
of the capsules was in many cases compared with the positions 



Fig. 11. Position of the styles in 21 four-styled flowers having the sepals 
overlapping as in figure 7, 


of the styles (by means of records) and there was general agree¬ 
ment in the major lines of splitting, with some exceptions. 
From figures 10 and 11 it is evident that in a general way the 
styles primarily affected in four-styled flowers are those in 
positions b and k; these are usually replaced by a single one 
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which varies somewhat in its position but tends to be at or 
near position a (shown also in figure 29). This holds for flowers 
with the sepals overlapping as in figures 6 and 7 in equal mea¬ 
sure. Position a with the center of the flower also establishes 
an axis in the flower; this axis is identical in position with the 
one established by the frequent loss of a stamen in position /. 

Figures 12 and 13 show the positions of the styles in six- 
and seven-styled flowers. From figure 13 it appears that the 
single style at d tends to be replaced by one at both c and e, 
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Fig. 12. Position of the styles in 12 six-styled flowers and 1 seven-styled 
flower having the sepals overlapping as in figure 6, „ 


thus accounting for the additional one (fig. 30). Of course the 
position of the other styles here as in four-styled flowers is 
also somewhat affected, but that seems to be the general rule. 
This is not so evident from figure 12. These observations on 
the styles, especially in the six- and seven-styled flowers, are 
of a preliminary nature. There seems then to be another axis 
of symmetry established in six-styled flowers/passing through 
d. This is similar in position to axes of symmetry in the flow¬ 
ers of Impatiens glanduligera , Impatiens tricornis , A esculus 
Hippocastanum, Urvillea y Serjama, Salvertia convallariodora , 
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Vochysia oppugtuita, Qucilea wkict op^tcila and Myoporum pciTvi- 
folium (Eichler, 1875, 1878). None of these axes established in 
the flower of S. aqualica with reference to missing and addi¬ 
tional parts correspond with the axis of symmetry most usually 
occurring in flowers with a five-parted calyx, namely that, 
passing through b and the center of the flower. 



Fig* 13* Position of the styles in 19 six-styled flowers and 2 seven-styled 
flowers having the sepals overlapping as in figure 7. 


The number of stigmas and styles is largely independent of 
that of the other organs. In only about one-fifth of the total 
number of flowers with other than five stigmas was one or 
more of the other whorls irregular. Since the variation in the 
number of carpels is greater than that of all the other parts 
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Figs. 14-22. Floral diagrams of Stellaria aquatica: 14, 15, typical flowers 
having the sepals overlapping as in figures 7 and 6 respectively; 16, 17, 18, 
flowers having four sepals; 19, 20, 21, 22, flowers having six petals, 19, 20, 
having eleven stamens. 
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Figs, 23-31, Floral diagrams of Stellaria aquatica: 23, a flower having 
six petals, nine stamens; 24, 25, 26, flowers having 11 stamens in various 
positions; 27, 28, flowers having nine stamens; 29, a flower having four 
carpels; 30, a flower having six carpels; 31, a flower having seven carpels. 
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combined it is evident that they must vary independently. 
There is a large number of possible combinations in the number 
of parts in the different whorls, and a great many occur. Flow¬ 
ers with four stigmas may have four, five, or six sepals; so 
also with the flowers having five stigmas. The number of 
stamens associated with these parts also varies. A few of the 
different and more common combinations are shown in figures 
16-31. It is realized that here, as elsewhere in this work, 
mathematical and statistical treatment of the data might be 
offered, but it seems that that would add little to the general 
concepts presented. 

Individual plants for purposes of flower study have not 
been grown; but flowers with varying numbers of parts have 
been observed in the same inflorescence; that is plants have 
not been found bearing flowers which have only four sepals, 
or four or six stigmas or eleven stamens etc. While it is possible 
that one plant may produce more flowers with four stigmas than 
another, no plants having only the atypical flowers have been 
found. This also applies to plants with imperfect flowers. 

A glance at table 3 shows that the sepals manifest the 
least variation in number, the carpels the most, with the petals 
and stamens intermediate. The variability in the number of 
parts thus Increases from the base of the floral axis toward 
the apex. 

In addition to flowers with one or more stamens sterile, 
others have been observed in which not merely the stamens but 
the pistils as well are sterile. Such flowers show varying de¬ 
grees of sterility and reduction, from those in which the petals, 
stamens and pistil are present but reduced in size, the stamens 
usually hard, dry, containing shrivelled pollen, the ovary 
wrinkled, tan or yellowish in color, supplied with minute 
ovules, to those extremely reduced flowers in which the corolla 
is apparently missing even when the flower is viewed with a 
binocular microscope, the stamens very small with little or 
no pollen, and the pistil very minute or practically failing to 
develop. 

Stellaria aquatica shows two types of sterility, that in which 
the stamens are in part or wholly non-functional but the pis¬ 
tils produce seeds if pollination is effected, and that in which 
neither stamens nor pistils function. Flowers of the latter 



1929] 


MATZKE: VARIATIONS IN STELLARIA 


525 


type may be produced at various places in the inflorescence, 
the first flower sometimes being so modified. This represents 
a weakening of the dichotomous cyme (Parkin, 1914). These 
sterilities would be considered by Stout (1916) as sterility 
from impotence; in the one case partial impotence involving 
the stamens, and in the other complete impotence with refer¬ 
ence to both kinds of sporophylls. According to the classifica¬ 
tion of Sirks (1917) there is partial unilateral sterility (of the 
stamens), total unilateral sterility (of the stamens), and total 
bilateral sterility (in which both stamens and pistils fail to 
function). Whether there is a partial and total unilateral steril¬ 
ity involving the pistils has not been determined. These types 
of sterility are found rather commonly in the angiosperms. 

GENERAL CONSIDERATIONS AND DISCUSSION 

From the data presented in the preceding pages it is evi¬ 
dent that the variations in S. aquatica are governed, to an 
extent at least, as to their position in the flower; by the fre¬ 
quent occurrence of variations in definite positions, axes of 
symmetry are established, through position h with reference 
to additional petals, three-lobed petals, and additional stamens, 
through position / with reference to missing stamens, through 
position a in flowers having four stigmas, and through position 
d in flowers having six stigmas. These axes are shown in their 
relationships in figure 5b, the axis through position h being 
indicated with a solid line in each flower, that through a and 
/ with a broken line, that through d with a dotted line. While 
it is true that the oblique directions of the internodes in the 
inflorescence cannot be shown in such a diagram, the bracts 
at the nodes are typically horizontal in the living condition, 
as are the flowers while they are open, so that except for the 
different levels in the inflorescence the diagram is representa¬ 
tive of the relations as they actually exist. It remains still to be 
established however that all the axes of symmetry represented 
there can occur in each of the positions in the inflorescence; 
this has not been investigated in the present study. As a rule 
of course not more than one of the axes is established in the 
same flower. Comparing the two flowers which terminate the 
two branches originating at the same node in the inflorescence 
with the flower at that node it is evident that the axis through 
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/ in flower number 2 in figure 5b forms an angle of 90° with the 
axis through / in. flower number 1; the axes through h in these 
two flowers also form an angle of 90°, and those through d 
also form the same angle. On the other hand the axis through 
/ in flower number 2' forms an angle of 162° with the axis 
through fin flower number 1, that through h in flower number 
2 f one of 18°, and that through d one of 54° with the similar 
axes in flower number 1 respectively. Similarly the axes of 
flower number 3 are at right angles respectively with those of 
flower number 2, while those of flower number 3 f through /, 
h, and d again form angles of 162°, 18°, and 54° respectively 
with the similar axes of flower number 2. The axes of flowers 
number 3' and 2' are again at right angles, while those of flow¬ 
ers number 3 and 2' again form angles of 162°, 18°, and 54°. 
It may thus be said that of the two branches developing at 
a flowering node, that terminated by a flower having the se¬ 
pals homodromic in origin with those of the flower at the node 
from which the branch develops will have these axes all at 
90° with the similar axes of the flower at that original node; 
in the flower terminating the other branch these axes through 
positions /, h, and d will be at angles of 162°, 18°, and 54° 
respectively with the similar axes of the flower at that original 
node. 

Axes/, h y and d in flower number 2 form angles of 108°, 
108°, and 36° with the same axes in flower number 2'; this is 
true also for flowers 3 and 3', 4 and 4', etc., for flowers terminat¬ 
ing branches which originate at the same node. It may then 
be further said that the axes through /, li, and d of the one of 
two flowers terminating the two branches originating at the 
same node in the inflorescence will form angles of 108°, 108°, 
and 36° with the same axes of the flower terminating the other 
branch. The / axes of flowers 1 and 3', 2 and 4', 2 r and 4, 3 
and 5', etc., form angles of 108° (or 72°); the h axes also form 
angles of 108° (or 72°); the d axes form angles of 36° (or 144°). 
It is thus possible to consider the relationship between these 
axes of symmetry even though their occurrence in the inflores¬ 
cence may not be very frequent. The relationships will usually 
not be as diagrammatic as in the figure. 

It Is evident that there are fluctuating variations in 5. 
aquaiica, The general topic of fluctuating variations has re- 
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ceived its due share of pages in modern biological literature. 
Whether evolution is considered to be due to the accumulation 
of minor variations, or whether the key to the scheme of de¬ 
scent is sought in larger mutations, variations of a minor nature 
cannot be denied throughout the organic world; it is their 
interpretation that gives rise to disagreement. Morgan, Sturte- 
vant, Muller, and Bridges (1922) assert that the effects of fac¬ 
tors may be modified by ‘environmental’ and ‘developmental’ 
influences as well as by other factors. Morgan (1926) admits 
the possibility that the gene may be stable ‘because it fluctuates 
quantitatively about a persistent standard’, though he inclines 
to the view that ‘the gene is constant because it represents 
an organic chemical entity.’ The importance of the environ¬ 
ment, especially as regards sexual relations in plants, has been 
strongly emphasized by Schaffner (1921, 1922, 1923a, b, 1926, 
1927a, b, 1928) whose extended observations and experiments 
show that in certain plants at least, such as Cannabis saliva , 
A risaema triphyllum, A risaema Dracontium , Hum ulus japonic/us , 
and Zea Mays , the important sexual relations may be modified 
by external influences. 

Aside from the importance of variations from the evolution¬ 
ary and genetic standpoints among others, they are of signifi¬ 
cance also in the concept of types. This concept is ancient; it 
goes back at least to Aristotle. With the development of 
systematic botany, especially by Linnaeus, the nomenclatorial 
type concept received a great impetus. 

While the existence of forms in evolutionary relationship 
has been so universally admitted since Darwin’s time, their 
boundaries, partly at least because of their variability, have 
been much disputed. The existence of races and varieties in 
many species cannot be questioned; and the study and establish¬ 
ment of such varieties can apparently go to great lengths. The 
present study, however, has not been in themature of a genetic 
investigation; such researches are still to be done on S . aqiiatica . 
That lines could be established, ‘pure’ for various characteristics 
at least, seems possible. But these would stiff have much in 
common with the conept of 5. aquatica presented in the preced¬ 
ing pages; and such work would make a previous general study 
of the plants as found in nature all the more fundamental. 

Despite the great number of species, races, and varieties 
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described for many plants, the concept of biologic types which 
are the results" of physical and chemical forces has not been 
strongly emphasized. For the lower plants Harper (1916, 1926) 
has put forth such factors as the angular relations of cells, 
mutual pressure, adhesion, surface tension, and inherited form 
tendencies; and again diminishing load and maximal resistance. 
Lewis (1923, 1925) has established the tetrakaidecahedron as 
the type for cells in certain tissues. 

There has been an attempt in the preceding pages to disclose 
the type, if any be present, for the stem, the inflorescence, and 
the flower of 5. aquatica . In any complete study of types not 
merely a single species but related forms as well should be 
investigated. The stem with leaves decussately arranged seems 
to be typical. Whether the symmetrical production of branches 
in a single or in a double spiral is to be considered the true 
type, or whether it is passing from one to the other is still an 
open question. To say with Thompson (1917) that phyllotaxy 
is due to the 'steady production of similar growing points, 
similarly situated, at similar intervals of time’ is merely putting 
the problem one step farther back; and the 'laws’ of cell 
division and growing points are intricate but not unquestioned. 

The symmetry of the true dichotomous cyme suggests a 
real type, and the regular, pentamerous, symmetrical flower 
is a type in itself. Loss of parts apparently has been and is 
going on in the stem, the inflorescence and the flower. This may 
be the explanation of single and double spirals formed by the 
branches on the stem, especially since the condition of opposite 
leaves is looked upon as a derivation from an originally spiral 
type; it undoubtedly seems to be the explanation of the break¬ 
ing down of portions of the cyme and the reduction in the floral 
parts. This too, it is realized is by no means an ultimate answer. 
Whether the production of supernumerary floral parts is a 
tendency toward type formation in a new direction, or a hark¬ 
ing back to an original type with a larger number of floral parts 
cannot yet be regarded as settled; the latter is in agreement with 
accepted theories as to the origin of the Caryophyllaceae. 

The physical and chemical bases of stability in the higher 
plants, aside from angular relations and patterns of symmetry 
are difficult to approach, and further interpretations are re¬ 
served for the accumulation of additional data. 
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In the preceding pages emphasis has been put upon varia¬ 
tions as emphasizing the types. The results” indicate that 
many of these minor differences not only in plants of the same 
species, but even in different parts of the same plant, are not 
merely haphazard, but in many cases definitely fixed. The 
ultimate explanation of the possibility of predicting in which 
position in these terminal, usually actinomorphic flowers certain 
irregularities will occur with reference to the sepals, and con¬ 
sequently with reference to the bracts, the inflorescence, and 
the branches of the stem, is still unknown. 

SUMMARY 

1. Primary stems of Stellaria aquatica have the branches, 
and branches in turn have the smaller branches upon them 
arranged either in a clockwise or in a counterclockwise spiral, 
and sometimes in a double spiral. Clockwise and counter¬ 
clockwise spirals occur in approximately equal numbers. The 
same plant as a rule shows both types of spirals on different 
branches with no apparent regularity in their distribution. 
There may be apparent reversals in the direction of the spirals. 

2. The cotyledonary node frequently has two branches in 
the axil of each leaf, and the two following nodes have as a 
rule one branch in the axil of each of the leaves. 

3. As pointed out by the older authors, the overlapping of 
the sepals of the first flower is correlated with the arrangement 
of the branches; the position of the flower in the inflorescence 
is also correlated with the position and overlapping of the 
sepals and the direction of the bending of the pedicels as shown 
diagrammatically in figure 5b. 

4. There is a decided variation in the number of parts in 
the flower, increasing from the base of the floral axis toward its 
apex, the sepals manifesting the least variation, the carpels the 
most. Additional petals and stamens, missing stamens and 
carpels, and probably additional carpels are fairly fixed as to the 
position in the flower in which they most frequently occur with 
reference to the sepals, and consequently with reference to the 
bracts and the position in the inflorescence. Thus axes of sym¬ 
metry are established in the flower in definite relationship to 
similar axes in other flowers in the inflorescence. 

5. There is a sterility of the stamens which shows a rather 
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gradual increase as the season progresses. Certain stamens are 
more frequently sterile than others. Some flowers show sterility 
of both stamens and pistils, such flowers being comparatively 
minute. 

6. The type characteristic of the stem, the inflorescence, 
and the flower of S. aqiiatica is emphasized. 

To Professor C. C. Curtis for his kind guidance and friendly 
criticism, and to Professor R. A. Harper for his many helpful 
suggestions I feel deeply grateful. 

Columbia University 

New York 
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Not Piper angustifolium Lamarck: 
not Piper elongatum Vahl 

William Trelease 

Ever since scientific names have been given to what are 
taken for species in nature as a means of intelligible reference 
to them, it has been recognized that one name cannot con¬ 
sistently designate more than one species. By common consent 
naturalists have come to retain a given name for the species 
to which it was given first, whenever through lack of informa¬ 
tion or through error it has been applied to several species. 
Though constituting no part of the name, an indication of the 
person who first published it is commonly appended to it; and 
pending its complete stabilization, it usually is followed by a 
negative indication of the same name, with similar author 
citation, in case others have used it to designate other species. 

In 1.791 Lamarck named a small Cayenne shrub Piper 
angustifolium . So far as known even yet, it occurs only in the 
Guianas and the lower Amazon region. 

Seven years later, apparently in ignorance of Lamarck’s 
publication, Ruiz and Pavon gave the same binomial, Piper 
angustifolium , to the narrower-leaved form of ‘matico,’ which 
is confined to the eastern slope of the Andes and is exported, 
for medicinal use, chiefly from Bolivia. Obviously, Piper 
angustifolium- Ruiz and Pavon, not Piper angustifolium Lam., 
needed rechristening; and in 1805 it was renamed Piper elonga¬ 
tum by Vahl. 

For some reason, possibly through similar oversight, Rox¬ 
burgh in 1820 again used the same binomial, Piper angusti¬ 
folium, for an entirely different Indian herb; and a decade later 
Dietrich entirely renamed this Piper angustifolium Roxb.,— 
not P. angustifolium Lam., not P. angustifolium Ruiz & Pav.,— 
Peperoniia Roxburghiana , though he might possibly have done 
better by retaining the trivial name given by Roxburgh when 
making the new binomial, as was done by Casimir de Candolle 
subsequently, under a procedure now generally approved. 

Quite paralleling the practice of fixing one binomial for each 
kind of plant, and an expression of the same effort to give 
unmistakable significance to names, there has arisen the common 
practice of bringing together for each species under its accepted 
name any different names which it may have received through 
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oversight or error. The elimination of such synonyms borne 
by a given species is of equal importance with the elimination 
of all but one species designated by a given homonym. 

This conventional treatment of both synonyms and 
homonyms is essentially a matter of book-keeping, based on 
ascertained facts. Unfortunately fact and opinion are not always 
sharply separable in the interpretation of ‘species/ and it is 
quite humanly possible to err either in considering two differ¬ 
ently named forms to be specifically identical or in considering 
two identically named forms to be specifically separable. This 
is a very weak point in a mid-Victorian convention which con¬ 
sidered a binomial duly relegated to synonymy as virtually 
non-existant and therefore fully applicable to any other species. 

That the medicinal ‘matico’ continues to be spoken of com¬ 
monly—and uniformly in pharmacal circles—as Piper angusti - 
folium Ruiz and Pa von, results from a still prevalent belief 
that finality in human judgments is achievable. After the 
Piperaceae had been monographed in 1869 by Casimir de Can¬ 
dolle, such finality was accorded his judgments as those of the 
only competent authority on a large and most intricately diffi¬ 
cult family of plants. 

In this classic handling of the genus Piper , Lamarck’s 
prior use of the specific name angustifolium was not recognized 
as displacing the more familiar homonym of Ruiz and Pavon, 
so that the binomial Piper angustifolium was adopted for the 
‘matico’—under it, as synomyms, being placed the name 
Piper elongatum Vahl and its later equivalents Steffensia 
elongata Kunth and Artanthe elongata Miquel, as well as Piper 
purpurascens Dietrich; while the monographer forecasts rather 
than declares the now evident conclusion that what he names 
Piper sahiaefolium (Artanthe salviaefolia Miquel) is likewise 
of this species. Published mention of Piper angustifolium or 
Piper elongatum from that point on compels recognition that 
there is fallacy in supposing that affixing an author’s name to a 
binomial at all necessarily shows what the author himself 
meant when he named a species, because it actually shows only 
what the later writer considered and intended the accepted 
name to stand for. 

Up to this point, the synonymy of the ‘matico’ is free from 
error except that Vahl’s binomial should have headed the 
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list and that the name used by Ruiz and Pavon should have 
replaced it in the list of synomymic discards. Unfortunately 
a graver error enters here, because the geographically localized 
‘matico’—which has deeply bullulate-lacunose leaves—was not 
distinguished from a somewhat similar Peruvian pepper with 
smoother leaves that Ruiz and Pavon themselves had named 
Piper granulosum; and either directly or as varieties this and 
several similar forms were made to extend the range of the ampli¬ 
fied P. angustifolium as far afield as through Brazil to the east 
and Panama and Cuba to the north. 

Fuller and better and more extensive collections now make 
it certain that these outlying forms and the Peruvian P. 
granulosum are not co-specific with Piper elongatum or P. 
angustifolium in the sense intended by Vahl or Ruiz and Pavon, 
and they are very different from P. angustifolitwi Lam. These 
plants constitute a natural group and resemble P. elongatum 
chiefly in having hooked or strongly curved aments. From one 
another they differ in geographic occurrence, but their morpho¬ 
logic differentials are not readily stated with positiveness in 
every case. 

The prototype of these outlying < angustifolium , or ‘elonga- 
tum* forms is the Jamaican Piper aduncum Linnaeus (1753), 
under which some of them have been put as forms of late years 
and in which all should be included if they represent a single 
species. The next in priority is the Peruvian Piper granulosum 
Ruiz and Pavon (1798), followed successively by the Venezuelan 
P. celtidifolium Kunth (1815), the Mexican P. multinervium 
Martens and Galeotti (1843), and the Caribbean P. subrecti - 
nerve C. de Candolle (1902). 

If these are to be kept apart, as in my present opinion they 
should be, P. granulosum Ruiz and Pavon is limited to the south¬ 
ern Andes; P, celtidifolium Kunth ranges from the Colombian- 
Venezuelan region through the Isthmus and as far north in 
Central America as Nicaragua; P. Multinervium Martens and 
Galeotti continues the series from Salvador to Mexico; and P. 
subrectinerve C. DC. is the Caribbean representative of P. 
aduncum Linnaeus, which, when these are excluded, is confined 
to the Greater Antilles, where it is accompanied by a very 
hairy form, P. Qssanun (C. DC.) Trelease. 
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The vastly diversified countries embracing the extensive 
lowlands east of the Andes also have adiincum- like peppers, 
some of which have received separate names; but none of them 
is capable of affecting the designation of the more boreal forms, 
whether these be kept apart, merged into one, or united in 
part only. 

Still another use of the binomial ‘Piper elongatum presents 
other and different nomenclatorial difficulties. Under the then 
fully sanctioned practice of re-employing in a quite new sense 
a name which had been buried in synonymy, Monsieur de 
Candolle did not hesitate to make use in the Prodromus of this 
discarded name for a Brazilian plant of the palmately nerved 
Enckea group (all of the other ‘ elongatum ’ forms being 
pinnately nerved Artanthes). 

Though Monsieur de Candolle’s riper study, embodied in a 
‘Piperacearum Clavis’ on which his latest years were spent and 
which was published after his death, was not cast in a form 
specifically showing such facts, he rehabilitates in the ‘Clavis’ 
the true Piper angiistifolium (though an error of the indexer 
of the work ascribes the name to Ruiz and Pa von instead of 
Lamarck), and he properly takes up for the ‘matico’ Vahl’s 
name Piper elongatum —though unfortunately in the com¬ 
plicated sense in which it was understood when called angusti - 
folium in the Prodromus sixty years ago. 

Unfortunately, though his earlier re-employment of elonga - 
turn when the name was supposedly dead is set right in the 
‘Clavis’ by renaming the Brazilian Enckea Piper hexandrum , 
the converse untenable rechristening of Lamarck’s angusti - 
folium as Piper consangnineum (the trivial name adopted from 
Kunth) escaped correction when the ‘Clavis’ was prepared. 
It may be added that the Cayenne component of P. Schlech- 
tendahlianum of the Prodromus is a co-type of Lamarck’s species. 

The purpose of this short negative contribution is not to 
clear up with finality the nomenclature of all of the species 
which at one time or another have been called Piper angusti - 
folium or Piper elongatum , but to present positively the fact 
that neither of these, names is applicable to any known pepper 
occurring in the West Indies or on continental North America. 

The University of Illinois 
October 21, 1929 



Notes on Fabaceae—XII 

Per Axel Rydberg 

ASTRAGALUS L. 

The genus Astragalus elates back to Linnaeus 7 Species 
Plantarum, where the author adopted it from Tournefort and 
other older writers. In fact it dates back to the old Greeks, 
who used the name for some leguminous plant. The historical 
type is probably Astragalus Christian us, but A. Onobrychis L. 
should be regarded as the nomenclatorial type according to the 
American Code. It should therefore be limited to species with a 
two-celled, more or less woody, bony, or leathery, and short and 
sessile pod. These requirements are fulfilled by the sections 
Onobrychides, Uuginosi, Mollissimi, and Chaetgdontes 
of Gray’s, Watson’s, and Jones’ revisions of the genus. I have 
also included A. lentijormis and A. Lemmonii , though the pod 
is reflexed, rather thin-walled, and acute on both structures, and 
A. Breweri, which Gray placed in the section Oroboidei and 
Jones in his Didymocarpi. In Europe and Asia, the genus, as 
so limited, is represented by numerous species. 

1. Mollissimi 

1. Astragalus giganteus S. Wats, was described from 
fruiting specimens collected by Dr. Havard at Fort Davis, 
Texas, Sheldon changed the name to A , texensis on account of 
the earlier A . alpinus giganteus . M. E, Jones regards it as the 
same as A. yaquianus S. Wats., and his description applies 
mainly to this. In my mind the identification is not well estab¬ 
lished, for A. giganteus is described as having 5 to 10 pairs of 
villous-pubescent leaflets and A. yaquianus as having 10-21 
pairs of appressed villous leaflets. The type specimen of the 
former is much more hairy than in A. yaquianus . Jones 
(Rev. Astragalus 234, 1923) makes the following statement: 
‘Pringle’s No. 1218 distributed as a part of the type of yapuianus 
[yaquianus] is this species.’ This is not quite correct, for the 
latter was wholly based on that number. Jones, notwith¬ 
standing, proposes a new variety, A. giganteus var. yaquianus , 
based on Watson’s species as to the name, but the description 
applies to the next species. Jones also gives the distribution as 
extending to Guerrero. This is not, as it seems, the stateof 
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Guerrero, but the type locality of A. yaquianus on the Yaqui 
River which was near the town of Guerrero, Chihuahua. It is 
related to A. mollissimus, but has better developed stems, 
ochroleucous flowers, nearly straight, abruptly acuminate, 
and broader pod. The following specimens belong to A. 
yaquianus : 

Chihuahua: Upper Yaqui River, Pringle 1218; Madera, Palmer 295. 
— New Mexico: Lincoln County, Wooton in 1895; 3423 in 1907, 3960 in 
1908; Plummer 1903; Eggleston 14446 , 14452; White Mountains, Wooton 
327; Gray’s Peak, Earle & Earle in 1900; Ruidoso Creek, Wooton in 1895; 
Lincoln County, Eggleston 14446. —Texas: Upper Concho, Reverchon 1281; 
Fort Davis, Havard; Ferris & Duncan 2543. 

2. Astragalus Hartmanii Rydb. See notes under the 
preceding species, from which this differs in the much larger 
flowers and large, thin, and less pubescent leaflets. It is known 
only from the type locality, San Diego Ranch, Chihuahua, 
Hartman 678. 

3 . Astragalus mollissimus Torrey was described from 
specimens collected by James on the Platte River. Together 
with the two preceding, it differs^ from the rest of the species 
of the group by the glabrous pod. Jones made the following 
statement that the pod is ‘inclined to be velvety pubescent when 
young/ which I think is wholly erroneous. In New Mexico 
the plant is often much smaller than on the plains, with smaller 
leaflets, flowers, and fruit (A. simulans Cockerell). Such speci¬ 
mens are: 

New Mexico : Wright 367; Las Vegas, Cockerell in 1901; Gray, Skehan 7; 
Roswell, Tinsley , in 1899; Union Co., Standley 6122. —Texas: Estelline, 
Reverchon 4297. The distribution of the species extends from Nebraska and 
Wyoming to Texas and New Mexico. Jones reported it from Flagstaff, 
Arizona, but I doubt the record. 

4. Astragalus orthanthus A. Gray resembles A . yaqui¬ 
anus and A. Hartmanii in the more on less elongated stem, in 
the large flowers, and the straight banner, but the color of the 
flower is more red, or in one form white, the pod more rounded 
and densely pubescent. 

Veracruz: Perote, Halstead (type).— Nuevo Leon: Saltillo, Palmer 
2137 (?).— Puebla: between Tinguattan and Cerro Le6n, Liebman 4683. 
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5. Astragalus sanguineus Rydb. It is related to A. 
orthanthus, but the plant is merely strigose, and the pod is 
larger and rounded at each end. The pod illustrated by Jones 
as A. orthanthus (Rev. Astragalus pi. 60, fig. 195) belongs to 
this species. 

Nuevo Leon: Saltillo, in 1880, E . Palmer 243 (U. S. Nat. Herb. 43559), 

6. Astragalus Humboldtii A. Gray was based on Pkaca 
mollis H. B. K., the type of which came from Gasove, Valley 
of Mexico. Dr. Gray cited only one specimen that he had seen, 
viz. one in the Torrey Herbarium collected by Halstead, near 
the City of Mexico. Humboldt’s specimens according to 
Nova Genera et Species were without fruit, and so is Halstead’s, 
but both the original description of P. mollis and the plate, 
as well as Halstead’s specimen, agree well with the species of 
southern Mexico, that is, with A. Orizabae Seaton, which name 
becomes a synonym. The plant of northern Mexico which has 
gone under the name of A. Humboldtii is quite different, and 
was until lately evidently without a published name. To 
A. Humboldtii belong the following specimens. 

Mexico (Federal District and State): Humboldt; Halstead; Pringle 
7137 , 11953; Irola, Rose & Hough 4557, in part.— Veracruz: Orizaba, 
Seaton 262; Mueller in 1855; E. W. Nelson 282. — Puebla: Arsene 1600; 
7102; Chalchicomula, Pringle 8565; Rose fsf Hay 5663; Esperanza, Pittier 403; 
Pur pus 3051. — Hid algo: Pachuca, Purpus 401; Rose, Painter & Rose 8810; 
Tequizquiac, Rose & Painter 6635. — Queretaro: Between Cadereyta and 
Visaron, Rose, Painter & Rose 9756; Altamirano 1645. 

7. Astragalus Earlei Greene. The first reference to this 
species may be found in Biologia Centrali-Americana, where 
Hemsley cites under Astragalus Humboldtii a specimen col¬ 
lected by Potts in Chihuahua, the true A. Humboldtii not being 
found in northern Mexico. The specimens distributed from 
there and so labelled belong mostly to the present species. It 
may be that Jones had derived his concept of A. Humboldtii 
from such specimens as Pringle 883 , when he drew his de¬ 
scription. The species is intermediate between A. Bigelowii 
and A. Humboldtii, perhaps nearer the former, differing in the 
more elongate, more curved pod, with much shorter hairs, the 
corolla also being smaller. As Jones cited no specimens, though 
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he gave a good description of this species, I adopted an unpub¬ 
lished name of Dr. Greene's and assign as the type Earle & 
Tracy (or Tracy Earle 1 ) 226 as the type. Greene has also 
assigned another name to another number of the same collec¬ 
tion. 

Texas: Limpia Canon, Earle & Tracy 226 (type, N. Y. Bot. Card.); 
237 ; 221; 276; Davis Mountains, 331; Ferris & Duncan 2661; Marfa, H. C. 
Hanson 389; Fort Davis, Eggleston 20201. —New Mexico: Las Vegas, 
Aneci 40. —Chihuahua: Vicinity of the City, Pringle 189, 883; Palmer 
5, and 78, in 1908; Parras, Palmer 242 ; Saltillo, Palmer 241. 

8. Astragalus irolanus (M. E. Jones) Rydb. This is 
closely related to the preceding, differing mainly in the acute 
leaflets and the large flowers. 

Hidalgo: Irola, Rose & Hough 4557, in part; (type)—M exico (State): 
Ixtapalapa, Rose & Hay 5641. 

9. Astragalus pervelutinus Rydb. The type was dis¬ 
tributed as A. Humboldtii . It is related to it, but the pod is not 
so much inflated, slightly curved and more densely hairy. From 
A. Earlei it differs in the broader, less curved pod, and the larger 
flowers, and from both in the short tangled pubescence of the 
leaves, the broader leaflets densely covered with short tangled 
hairs. 

Chihuahua: City of Chihuahua, Prmgle 189 (type in herb. N. Y. 
Bot. Gard.)—D urango: Tepehuanes, Palmer 14. 

10. Astragalus Bigelowii A. Gray is closely related to A . 
mollissimits , but differs mainly in the densely pubescent, 
broader and shorter, less arcuate fruit. The pubescence is also 
usually looser and the leaflets more round. It is distributed 
from Texas to Arizona, Durango, and San Luis Potosi. 

11. Astragalus Thompsonae S. Wats, was described from 
specimens collected by Mrs. Thompson in southern Utah and 
named for hen Sheldon changed the name to Astragalus syrti - 
coins on account of the older A. Thompsonianus Benth. Jones 
regarded it as a variety of A. Bigelowii , but it is readily dis¬ 
tinguished by the white, short, and more spreading pubescence, 
the lax recemes, and the larger and different pod. It is common 
in eastern and southern Utah; it has also been collected else¬ 
where, namely: 

1 It has been distributed both ways. 
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Arizona: Dead man Ranger Station, Coconimo County, Eggleston 
17189; Mold Reservation, Bough 56. — New Mexico: Aztec, Baker 405. 
—Colorado: Westwater, Jones , in 1891; Mesa County, II. C. Long , in 1893, 

12. Astragalus Matthewsii S. Wats, is related to A. 
Bigelowii and A. Thompsonae, but differs from the former in 
the white pubescence, the larger, less arcuate, more inflated 
and more long-hairy pod, the upper suture of which is almost 
straight, and from the latter in the more appressed pubescence 
and the less curved pod. It is known only from the type col¬ 
lection, from Fort Wingate, New Mexico, by Dr. Matthews, 
and by Dr. Palmer without locality. 

13. Astragalus mogollonicus Greene is also related to 
A. Bigelowii and by Jones regarded as identical with it. The 
type, however, is covered with a long, brown, spreading pubes¬ 
cence, the raceme is nearly capitate and very dense, the leaflets 
suborbicular and the pod, sent later by Dr. Greene, is very 
small, about 1 cm. long, 5 mm. broad and deep, white-villous, 
scarcely sulcate on either suture and straight on the upper. 
It is known only from the type collection, Mogollon Mountains, 
New Mexico. 

14. Astragalus marcidus Greene is related to A . Bigelowii 
but the flowers are much smaller, the pod smaller and nearly 
straight on the upper suture. 

Texas: Davis Mountains, Tracy & Earle 319 (type); Marfa, C. B. 
Greene in 1895. —Chihuahua: San Diego, Hartman 605. — Coahuila: Aqua 
N'ueva, Saltillo, Palmer 559. 

15. Astragalus anisus M. E. Jones. This was collected 
near Pueblo, Colorado, by Miss A. P. Lansing in 1888, and 
evidently has never been collected since. It is not closely re¬ 
lated to the other spieces of the group, differing from the rest 
in the small size, the appressed silky pubescence, the compar¬ 
atively small flowers, and in the pod, which is more rounded, 
merely mucronate, more inflated, and with short appressed 
pubescence. Only A. Matthewsii approaches it in the pubescence 
of the leaves, and A. Humboldtii in the shape of the pod. In 
the National Herbarium there is a specimen somewhat similar 
without collector's name. The only original record given is 
"Camp 82-83 April 283 Dr. Gray has written on the label 
"Apparently Astragalus succumbens Dough/ which evidently is 
wrong. 
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2. Uliginosi 

16. Astragalus carolinianus L. This species was based 
on a description and plate in Dillenius 7 Hortus Elthalmensis. 
Most botanists have regarded this as the same as A. canadensis 
L., and the name has place priority on the page. Dillenius’ 
plate resembles more the common plant here regarded as 
A. canadensis. Appended to his description, however, there 
appeared a comparison between A. carolinianus and another 
species on which Linnaeus based his A. canadensis. The only 
clue on which to base the identification of the latter is given in 
the description of the leaflets, which are said to be subcanescent 
beneath. This could only apply to the northern and more com¬ 
mon plant, for in the southern plant the leaflets are sparingly 
and minutely strigose beneath. In the figure the calyx teeth are 
illustrated as very short, while in fact they are in A. carolin¬ 
ianus , as here understood, longer than those of A. canadensis , 
but this may have depended on the inaccuracy of the artist. 
As there are two closely related plants in eastern United States, 
and the northern one has the leaves subcanescent beneath, it 
may be well to retain the name A. canadensis L. for this, and 
reserve the name A. carolinianus L. for the southern. Jones 
regarded the latter a variety of the former, but his description 
of the pod ‘decidedly inflated’ is erroneous, for the pods 
are alike in both species, being oblong, not sulcate, and per¬ 
fectly glabrous. Perhaps he confused it with Phaca neglect a. 

Maryland: Cumberland, Schriver in 1874. —Virginia: Bushy Mountain, 
Smyth County, Small in 1892; Luray, Steele Steele 46; Wythe-ville, Shriver 
in 1874. —-West Virginia: Hinton, Millspaugh 1146; White Sulphur Springs, 
A. Brown in 1892.— North Carolina: Table Rock, Heller 32; Great Smoky 
Mountains, Beardslee & Kofoid in 1891; Yellow Hill, Swain Co., and Balsam 
Mountain, Hulst in 1882.— Georgia: Tugal'o River near its junction with 
Seneca, Gibbs in 1855. 

17. Astragalus canadensis L. See notes under the pre¬ 
ceding species. This is the most widely distributed species of 
Astragalus in North America, its range extending from Quebec 
to Hudson Bay, Alberta, Utah, Colorado, Oklahoma, and 
Virginia. There is also a record from Kettle River, British 
Columbia, Macoun 63754 and one from Dallas, Texas, Rever¬ 
sion. 
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18. Astragalus Halei Rydb. The type was collected in 
Louisiana, Dr. Hale 313 (Torrey Herbarium, flowers); also 
at Shreveport, Cocks 3624 (fruit). It is closely related to A. 
carolinianus but has about half as long calyx-teeth, and spread¬ 
ing fruit. 

19. Astragalus oreophilus Rydb. The type of this species 
came from Pagosa Spring, Colorado. It is intermediate be¬ 
tween A. canadensis L. and A. spicatus Nutt., differs from the 
former in the usually broader leaflets, the broader and shorter 
bracts, the flowers more resembling A. spicatus and the plumper 
pod, and from the latter in the glabrous, less coriaceous pod and 
the narrow upper calyx-lobes. 

Colarado: Walsenberg, Shear 4769; Pagosa Springs, Baker 419 (type); 
Trimble .Springs near Durango, Baker , Earle , & Tracy 478; Wahatoya Creek, 
Rydberg Vreeland 5990; Larimer County, Osterhout in 1897; Boulder, 
Tweedy 5154; Fort Collins, Crandall in 1898. — New Mexico: Pecos River 
National Forest, Standley 4377; Colfax, 14656 , 13861; El Vado, Chama 
River, Eggleston 5988; Chama, Standley 6546. 

20. Astragalus Mortoni Nutt. The type was collected 
by Wyeth on the .sources of the Missouri. In the isotype in 
the Torrey Herbarium the specimen in flower has a decidedly 
black-hairy calyx, and bracts and the ovary is described as 
villous. Nuttall described the flowers as ochroleucous. Torrey 
and Gray placed it among the purple-flowered species, between 
A. adsurgens and A. striatus, not noticing that the relationship 
was to A, canadensis L., and A. spicatus Nutt. Watson made it 
a variety of A. canadensis . Neither Watson nor Jones have 
noticed that A, Mortoni has more or less black-hairy calyx and 
bracts, nor does the latter make any reference to the fact that 
the pod in A. Mortoni is pubescent and sulcate on the lower 
suture. In A. canadensis it is glabrous and without a sulcus. 
Both authors confused it with A . spicatus Nutt., which has 
white-hairy calyx. Whether the color of the hairs is of any 
value is perhaps questionable, but the black-hairy plant seems 
to be limited to the northwest, west of the continental divide, 
while the white hairy form is confined to the Rocky Mountains, 
on the western slope of which their ranges, however, overlap. 
In the white-hairy plant the pod is less turgid, the upper calyx- 
lobes are always twice as broad as the rest, and the bracts 



546 


BULLETIN OF THE TORREY CLUB 


[VOL. 56 


broad and short. In the true A. Mortoni , the bracts and even 
the calyx-lobes approach more those of A. canadensis , but are 
shorter, and the pod less hairy and with a straighter beak than 
in the white-hairy plant, and sometimes glabrate in age. It 
is confined to the Pacific slope and widely distributed in Wash¬ 
ington, Oregon, Idaho, northern California, and western 
Montana. It has been collected east of the Rocky Mountains 
at the following stations. 

Montana: Helena, Butler 104, 1042; Gannet, Mrs. Scheuber in 1901. 
— Wyoming: Gres Ventre River, Merrill Wilcox 994. 

21. Astragalus pachystachys Rydb. This species was 
based on Astragalus spicatus Nutt.; not A. spicatus Pallas. 
See notes under A. Mortoni. Both Watson and Jones included 
this in A. canadensis Mortoni. The type came from the Rocky 
Mountains, most likely Wyoming. Astragalus tristis Nutt., 
which has also been regarded as a synonym of A. Mortoni , 
might seem to belong here, as the type locality was 'Rocky 
Mountains, towards the sources of the Platte/ hence Wyoming, 
but the calyx is described as being black-hairy. The species is 
unknown to me, as no specimens have been seen. A. pachy¬ 
stachys is common in the Rocky Mountains of Montana and 
Wyoming, especially east of the divide. Besides, the following 
specimens, found outside of the range proper may be included 
in it. 

Idaho: Tikura, Blaine County, Nelson & Macbride 1293; Bear Lake 
County, 1617; Blackfoot, Midiford ; Lake Waha, Heller 3089; Latah Co., 
Sandberg; Pocatello, Mrs. Soth 544. — Washington: Vasey 275; Wilson Creek, 
Lake & Hull 667; Simcoe Valley, Z/yaZZ; Egbert Spring, Sandberg & Leiberg; 
Brickelton, Suksdorf 2268; Newman Lake, 8803. — British Columbia: 
Lake Osoyoos, Macoun 70438 .— Nevada: East Humboldt Mountains, 
Heller 9204; Watson 261 r in part.— South Dakota: Black Hills, Forwood; 
Murdock. 

22. Astragalus Torreyi Rydb. The plant was first 
collected by Torrey and in the same year by Stretch. The 
latter specimen was named by Torrey as A. adsurgens. So 
were also Kennedy's specimens. Heller 9465 and 9822 bore the 
name A. nitidus , which practically meant the same. I suppose 
that this misidentification depended on the fact that the leaflets 
are decidedly pubescent on the upper surface. The rest were 
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named A. Morioni , but the calyx is not black-hairy and the pod 
is more like that of A. pachystackys , of which it may only be a 
form; the leaflets, however, are narrower, the flowers smaller, 
the calyx-lobes shorter, and the bracts and even the stipules 
narrower. 

Nevada: Empire City, Nevada, in 1865, Torrey (type, herb. Columbia 
University and N. Y. Bot. Card.); Ruby Valley near Cave Creek Post Office, 
Heller 9465; Carson City, Jones 3843; Pleasant Valley, Stretch in 1865; 
Lake Tahoe, Kennedy 966; Carson, Steinmetz A. — California: Lake Tahoe. 
Leiberg 5328; Truckee, Sotme in 1888; Mono Lake, Congdon .— Idaho: Hender¬ 
son 3298. 

The following may also be referred here, though the leaves are only slightly 
pubescent above when young. 

Nevada: Carson City, Heller 9822; Baker 1063. — California: Truckee, 
Heller 7035; Summit, 12904. 

23. Astragalus oreganus Nutt. The type came from the 
‘plains of the Rocky Mountain range towards the sources of 
the Oregon, 7 i.e. somewhere in Wyoming or Idaho. The species 
was described from specimens in flowers only, and the plant 
was practically lost. Torrey and Gray placed it near to A. 
flavus , probably on account of its ochroleucous flowers and con¬ 
nate stipules. Gray retained it in the same place, including it 
in his Ocreati. When it was rediscovered by Parry on the Jones 7 
Expedition to the Yellowstone Park, Gray and Watson did 
not recognize it, but it was redescribed as A. ventorum and 
placed in the section Qnobrychides, also known as Hypog- 
lottides. Jones has transferred it to the Uliginosi, which 
somewhat improved the matter, but it is not very closely re¬ 
lated to ^4. canadensis and its relatives, and perhaps should con¬ 
stitute a section by itself. The only specimens in fruit seen by 
me are A. Nelson 9427 collected in 1910. 

Wyoming: Tough Creek, Aven Nelson 9427; Steamboat Mountain, 
Sweetwater County, 7051; Point of Rocks, Merrill Wilcox 731 .— Idaho or 
Wyoming: Nuttall (type). 

3. Hypoglottides 

24, Astragalus striatus Nutt. This was published in 
Torrey and Gray's Flora and was based on A. Laxmanni of 
Nuttall's, Genera , the type of which came from ‘the hills of 
Missouri 7 , probably South Dakota. A. adsurgens robustior 



548 


BULLETIN OF THE TORREY CLUB 


[VOL. 56 


Hooker is also cited as a synonym, though Nuttall, both in the 
Genera and in Torrey & Gray’s Flora , describes the calyx as 
'blackish and puberulent’ or as 'clothed with short black hairs/ 
while Hooker describes his variety as white-pilose, with very 
few black hairs. Hooker called the black-hairy form A. 
adsurgens, confusing it with the Asiatic species. Jones has 
adopted the name A. nitidus Douglas for this species, citing 
Hooker’s Flora (1:149. 1834) as the place of publication, a 
nomenclatorial absurdity, which can not be admitted. For the 
first, A. nitidus Dough is not published, merely cited as a syno¬ 
nym of A . adsurgens robustior, not of A. adsurgens as under¬ 
stood by Hooker. The citation of a manuscript name as a 
synonym is not publication, either under the American or the 
International Code, and the name was applied by Jones to the 
wrong form. In the Torrey Herbarium there are two sheets 
received from Hooker. One of these sheets is labelled: 'Astra¬ 
galus adsurgens, Pall. Ex herb Hook. Saskatchewan, Douglas.’ 
This represents the ordinary small plant having the calyx with 
rather numerous short black hairs. The other sheet bears only 
'A, adsurgens /3 Hook.’ without any indication of collector or 
locality. This sheet contains two larger specimens on which 
the calyx is almost destitute of black hairs. If this sheet 
represents A. adsurgens (3 Hook., it is an iso type of A. nitidus 
Dough It is, however, not exactly A. striatus , for that is the 
more or less black-hairy common form, usually known in this 
country as A. adsurgens . Neither is it A. sulphurescens Rydb., 
nor A. Chandonetii Lunell, which Jones also cited as synonyms 
of the variety. A. striatus Nutt, is so common in the Rocky 
Mountain region that no specimens need to be cited. 

In regard to A. nitidus robustior M. E. Jones (Rev. Astra¬ 
galus 170. 1923) it may be said, that it is a great mixture of 
facts and errors. It is based on A. adsurgens robustior Hooker 
with A. striatus Nutt., A. sulphur escens Rydb., and A. Chand - 
onnetii Lunell given as synonyms, and the following description: 
'Flowers white in short heads, on elongated peduncles. Calyx 
teeth long.’ As stated before, A. adsurgens robustior is the basis 
of A. nitidus. A. striatus Nutt, is the same as A . adsurgens 
Hook, or A. nitidus as understood by Jones, but not of Hooker. 
'Flowers white’ agrees with the description of A. Chandonnetii , 
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scarcely with that of .4. sulphurescens, and certainly not with 
either var. robustior Hook, or A.striatus Nutt. 'Short heads on 
elongated peduncles’ applies to all, at least in flowering stage; 
‘calyx-teeth long’ only to A. sulphur escens. 

Astragalus terminalis Wats, in the original publication was 
said to be related to { A. adsurgens / i.e. A. striatus Nutt. It 
being at that time practically unknown to me, I included it in 
the Hypoglottides in my Flora of the Rocky Mountains. 
Jones has shown its relationship to his own A. reventoides , 
making the latter a variety of the former. I think that they 
are identical, and that Watson committed an error in describ¬ 
ing the corolla as purplish, while in reality it is cream-colored 
with the keel purple-tipped. 

25. Astragalus Chandonnetii Lunell. This was first 
described as A. adsurgens albiflorus in 1905 by Blankinship 
from Montana. As there is an A. albiflorus Gand. 1902, the 
later name of Lunell’s has to be adopted. A. Chandonnetii 
differs from A. striatus not only in the color of the corolla 
(rather cream-colored than white as described), but also in the 
foliage which is densely silky strigose on both sides. In my 
Flora of the Rocky Mountains it was included in the next 
species. 

Minnesota: McHugh, near Detroit, Chandonneti. —Montana: Mount 
Helena, Butler 1080; Mount Ascension, 881 , 4079 , 1082; Prickly Pear Valley, 
4111; Deer Lodge, Rydberg 2699; Helena, Kelsey in 1892; Belt River, F. W. 
Anderson in 1883; Safford 557. — Wyoming: Gillette, E. V . Wilcox 429; 
Slater, Goodding 1737. 

26, Astragalus sulphurescens Rydb. was described in 
1901 from specimens from Georgeton, Colorado. It differs 
from A. striatus in the ochroleucous corolla and the longer calyx- 
lobes, and from A. Chandonnetii in the longer calyx-lobes, the 
more or less black-hairy calyx and pod, and the glabrous or 
glabrate upper surface of the leaves. It was redescribed the 
following year by Gandoger under the name A. Crandallii . It 
is confined to the mountains of Colorado. 

Colorado: Along Platte River, Jones 851; Boulder Canon, Penard 184; 
Boulder, Hanson in 1920; Georgetown, Rydberg in 1895; Shear 4509; Estes 
Park, Osterhout in 1895, and 2806, 1903; Boulder, Tweedy 5152; Vestal in 
1913; Empire, 5641; Como, Crandall 90; Crandall & Cowen 128; Clear Creek, 
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Patterson 18; Eldorado Springs, Clokey 2809; Boulder County, C. P. Smith 
3147 ; Headwaters of Clear Creek, Hall & Harbor 136 . —Wyoming: West of 
Cheyenne, Morris in 1901. 

27. Astragalus brevidens Rydb. The type was collected 
3 miles north of Whitney, Baker County, Oregon, Febr. 22, 
1921., M. Peck 10360. The specimens were labeled Astragalus 
Mortoni Nutt., to which it has only superficial resemblance. 
It is evidently related to A. Chandonnetii , but differs in the 
broader leaflets, glabrous above, the short-villous instead of 
strigose pubescence on the calyx and pod, and the short calyx- 
teeth. 

28. Astragalus goniatus Nutt. This was apparently 
first collected by Richardson and then certainly by Drummond 
and referred to the European A , hypoglottis. The American 
plant was first recognized as distinct in Torrey & Gray’s 
Flora , where it was published as A. hypoglottis polyspermus 
(T. & G. FI. N. Am. 1: 328. 1838). On the second page follow¬ 
ing, it was redescribed as A. goniatus Nutt.; neither Nuttall, 
nor Torrey and Gray noted that they were the same species. 
Jones (Proc. Calif. Acad. II. 5: 646. 1895), adopting the name 
A. agrestis Dough, made the same error as he did in adopting 
A. nitidus Dough, in applying Douglas’ manuscript name, 
cited as a synonym under the variety /3, to the species itself. 
A. agrestis in Hooker’s Flora appears only as a synonym and 
therefore was not published. Furthermore A. hypoglottis 
of Hooker’s Flora , of which A. agrestis Dough is a synonym, 
is not the plant described by Jones, but a closely related plant 
with pale caylx, practically devoid of black hairs, long calyx- 
teeth, about as long as the tube and larger corollas. Douglas’ 
type, or at least an isotype of the same, was seen by me, when 
visiting Kew and the British Museum in 1901. A. goniatus 
is common in the Rocky Mountain region, extending into 
eastern Washington and Oregon, and in the northern Sierra 
Nevada. The following specimens have been collected on the 
eastern plains. 

Nebraska: Gordon, Bates 582.— South Dakota: Sheep Mountains, 
Visher 2391; Brookings, T. A . Williams; Daland, Spink County, Carter in 
1897; Upper Missouri, Nicollet. — North Dakota: Leeds, Lunell in 1902-6. 
—Minnesota: Fish Lake, Chandonneti; Fergus Falls, Sheldon in 1892. 
— Manitoba: Portage la Prairie, Macoun & Herriot 70492, 
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29. Astragalus virgultulus Sheldon was described in 
1894 from specimens from Boulder, Colorado, collected by 
Patterson. It was also noted by Prof. Aven Nelson in his First 
Report on the Flora of Wyoming without a name, but was 
distributed as A. hypoglottis ochroleucus. Later it was described 
by Osterhout as A. hypoglottis bracteatus. Jones (Proc. Calif. 
Acad. II. 5: 647. 1895) first stated that l A. virgultulus is the 
same as A, agrestis apparently;’ later (Contr. W, Bot. 10: 65. 
1902) as A. agrestis polyspermus M. E. Jones, based on A, 
hypoglottis polyspermus T. & G., and at last (Rev. Astragalus 
171. 1922) the same, adding that it ‘is the form growing un¬ 
supported by other plants in more exposed places and is ashy- 
puberulent with pods 7 mm. long and short internodes.’ 
Sheldon describes it as having ochroleucous flowers, leaflets 
glabrous above with scattered hairs beneath, calyx-tube 
slightly pubescent with white hairs, calyx-lobes equalling the 
tube in length, and pod 10-12 mm. A . hypoglottis polyspermus 
was described as dwarfish and much branched, somewhat de¬ 
cumbent, pubescent, calyx longer than the bracts, very hirsute, 
the hairs partly black, the teeth scarcely half as long as the 
tube. As no mention is made of the color of the flower, it is 
presumed that the color was as described under A. hypoglottis 
i.e. bright purple. In the Nuttallian specimens in the Torrey 
Herbarium they evidently had been so in the fresh state. Do 
these descriptions agree? Can any one rely on such statements 
of identification made by Jones? Sheldon did not describe the 
large bracts, noticed by Osterhout, but he described the large 
stipules, which usually accompany the large bracts in this 
species. 

Colorado: Boulder, Patterson.— Wyoming: Laramie River near Colorado 
Line, Osterhout in 1896 and in 1898; Meadow Creek, A. Nelson 775; Bitter 
Creek, 4783; Elk Mountains 4091. 

30. Astragalus Tarletonis Rydberg is also related to 
A. goniatus , but has larger flowers, rather fleshy bracts, and 
long calyx-teeth as A. agrestis , but the calyx is strongly black- 
hairy. The type came from Five Finger Rapids, Yukon. In 
the Torrey Herbarium there is a specimen from artic America 
sent by Dr. Hooker, but.without locality or collector. This 
might have been collected by Richardson. Two specimens 
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similar to that in the Torrey herparium were found at the Phil¬ 
adelphia Academy. These came through Short’s herbarium and 
are labeled ‘Astragalus Hypoglottis, Frankl. Exp. W. J. 
Hooker, LL. Dd One of these has been donated to our her¬ 
barium. Richardon’s specimens, recorded as A. hypoglottis 
came, however, from the Saskatchewan River. Besides these, 
1 have seen one from Fifty-mile River, Alaska, collected by 
Bolton in 1899. 

31. Astragalus agrestis Dough As stated above, this 
name appeared first as a synonym under Hooker’s A. hypo- 
glottis, the type of which came from the fertile plains of the 
Red River, Manitoba. See notes under A. goniatus. The plant 
is larger than A. goniatus usually is, with larger corolla, pale 
calyx and long calyx-lobes, and usually longer leaflets. The only 
similar specimens seen are the following. 

Montana: St, Ignatius Mission, MacDoagal 298 . 

4. Chaetodontes 

This group was established by Dr. Gray, and based on 
A. Spaldingii (originally described as A . Chaetodon Torr.) 
and A. Lyattii A. Gray. Later A. Austinae A. Gray was added. 
Jones in his Astragalus included also A. Brauntoni Parish, 
which, however, is not related to the rest. A. Lyallii , though 
somewhat similar in habit to A. Spaldingii , has a flattened thin- 
walled, reflexed pod, which all indicate its relationship to A . 
lentiformis A. Gray and A. Lemmoni A. Gray; it has also the 
small corolla of these species. 

32. Astragalus Spaldingii A. Gray was originally 
described as A. Chaetodon Torr. As that name had already been 
used by Bunge, Gray changed it to the present one. It is fairly 
well understood; its range comprises Washington, Oregon, 
and western Idaho. 

33. Astragalus Austinae A. Gray was described from 
specimens collected by Lemmon on Mount Stanford (Castle 
Peak), Nevada County, California. It is closely related to 
the preceding but has somewhat the general habit of Hamo- 
sa A ndersonii. 

California: Castle Peak, Leiherg 5297; Jones in 1902; Smiley 480; 
Lemmon 71; Placer County, Sonne 673; also in 1892, —Nevada: Mt. Rose, 
Heller 9936. 
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5. Lentifgrmes 

This group is characterized by the small flowers, small, 
thin-walled, elliptic or lanceolate pod, decidedly flattened, with 
the upper suture acute, and the sulcus on the lower suture, 
if any, very narrow. The group is included in Astragalus with 
some hesitation. 

34. Astragalus Lyallii A. Gray was described from 
specimens collected by Lyall on the Upper Yakima, Washing¬ 
ton. It has always been associated with A. Spaldingii , but 
I think it is more closely related to A. Lemmonii and A. 
lentiformis . See remarks under Chaetodontes above. 

Washington: Whited 343; 97; Vasey 274; Upper Yakina, Lyall 8; 
Henderson 2354; Suksdorf 1816; Walla Walla, Wilkes Expedition 543;Brandegee 
717; North Branch of the Columbia, Wilkes Expedition 543a; Ellenburg, 
Piper 2683; Elmer 366; Morgan’s Ferry, Suksdorf 282; Ainsworth, Tweedy 
615L — Idaho: Twin Falls County, Nelson ef Machride 1713; Elmora County, 
1020; Glen's Ferry, Jones in 1911 (luxuriant form with large fruit; var. 
caricinus M. E. Jones). 

35. Astragalus lentiformis A. Gray was described from 
specimens collected by Lemmon in Clover Valley, Sierra 
Nevada. This species is remarkable on account of its thick 
woody caudex, and sparse villous pubescence. Jones referred 
this, as well as the next, to the Micranthi. As I have stated 
in another place, Gray’s Micranthi was based mainly on 
A. Nuttallii and its relatives, and should properly belong to 
what Jones called Leptocarpi. Jones’ Micranthi consists 
mostly of Mexican species, not closely related to A. lentiformis 
and A. Lemmoni. 

California: Sierra County, Lemmon 50, in part, 73; 537. 

36. Astragalus Lemmoni A. Gray was also described from 
specimens collected by Lemmon in Sierra County, California, 
and is closely related to the preceding, but has shorter stems. 

California: Northern California, Webber, Lemmon; Sierra County, 
Eastwood 7791; Lemmon 50, in part, 72, 187; Kanix Reservation, Austin & 
Bruce in 1897; Siskiyou County, Greene in 1876; Chat, Jones in 1897.— Oregon: 
Farwell’s Bend, Crook County, Leiberg 454. 

37. Astragalus Peckii Piper. This species is related to 
A. Lemmoni , differing mainly in the lower habit, and smaller 
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acute leaflets. Cusick’s specimens were labelled A. lentiformis 
and probably were included by Jones in that species, as he 
cites specimens from Crook County, Oregon. The species 
is closer to A . Lemmoni than A. lentiformis. 

Oregon: Crook County, Peck 9768; Cusick 2818. 

6. Breweriani 

38. Astragalus Breweri A. Gray has no close relative 
in America, nor as far as I can find, in the Old World. The 
plant is annual and has some resemblance to Haniosa tenera 
and its allies, but the pod is different, coriaceous, erect, deeply 
sulcate on the lower suture, and with a stout beak as long as 
the body itself. The fruit resembles that of A. Onobrychis 
L. of Europe, but its general habit does not. Dr. Gray, who 
had no mature fruit, placed it next to A. tener. Jones trans¬ 
ferred it to the Dxdymocarpi, i.e., the genus IIesper astragalus 
Heller, with which it has no relationship. 

California: Tamalpais, Brandegee in 1891; Eastwood 3164; Mendocino 
County, Abrams 7018; Rattan in 1884; Sonoma County, Heller Brown 
5218 in 1902; Brewer 979 (type); Lake County, J. P. Tracy 1647; Curran in 
1884; Marine County, Brewer 955. 

The New York Botanical Garden 
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Also published in Mycologia 21: 173-174. 1 May 1929, and in Jour, 

Bot. 67; 258-259. S 1929. 
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Ashby, S. F. Diseases of limes and sugar-cane In the West 
Indies. Kew Bull. MIsc. Inf. 1929: 209-214. 1929. 

Avery's P. Chromosome number and morphology in Nicotiana . 
IV. The nature and effects of chromosomal irregularities 
in N. alata var. grandiflora. Univ. California Publ. Bot. 
15: 265-284. f. 1-8. 30 S 1929. 

Baldimi, F. Contribucion al estudio de la Ileimia salicifolia 
(H.B.K.) Link et Otto y de la Larrea divaricata Cav. 
Univ. Nac. Tucuman Mus. Hist. Nat. 2 3 : 1-24. pi. 1, 2 + 
/. 1-5 . 1929. 

Barnett 5 H. R. Cacti conserve water carefully. Desert l 3 : 
8-9. J1 1929. 

Banos, M. Ciperaceas Argentinas. I. Genero Ileleocharis R. 
Br. An. Mus. Nac. Hist. Nat. Buenos Aires 34: 425-496. 
/. 1-31. 1928. 

Beadle, G. W. A gene for supernumerary mitoses during spore 
development in Zea Mays. Science If. 70: 406-407. 25 O 
1929. 

Beattie, R. K. Toji Nishida. Phytopathology 19: 881-883. 
portrait. 0 1929. 

Beck, P. Comparative anatomy of certain hybrid shrubs and 
their parents. Univ. Kansas Sci. Bull. 17: 367-395. pi. 37- 
41. S 1927. 

Benedict, R. C. Afield for ferns in Sussex County, New Jersey. 

Am. Fern Jour. 19: 105-108. f. 6. S 1929. 

Benedict, R. C. Fern hunting at Branchville (N. J.). Torreya 
29: 108-110. Au 1929. 

Benedict, R. C. Preaching the gospel of science. Science II. 
70: 368-371. 18 0 1929. 

Berry, E. W. Contributions to the Mesozoic flora of the Atlantic 
coastal plain, XIV—Tennessee. Bull Torrey Club 48: 

55-72. 18 F 1921; XV. Bull. Torrey Club 55:441-448. 
pi. 11, 12. 4 D 1928. 

Bioletti, F. T. Reminiscences of an amateur botanist. Sci. 
Monthly 29: 333-339. 0 1929. 

Blake, S. F. Two Cyperaceae new to the Boston district. 

Rhodora 31: 191-192. 16 S 1929. 

Blewitt, A. E. Notes on the flora of. Swanton, Vermont. 
Rhodora 31: 166-167. 16 S 1929. 
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Bodeker, F, Coryphantha Roederiana Bod. spec. nova. Monats. 
Deutsch. Kakteen-Gesell. 1: 153-154. illust. An 1929. 

A plant from Mexico. 

Bodeker, F» Coryphantha Werdermannii Bod. spec. nova. Mo¬ 
nats. Deutsch. Kakteen-Gesell. 1: 155-157. illust. Au 1929. 

From Mexico. 

Bodeker, F. Mamillaria Ritteriana Bod. sp.n. Monats. Deutsch. 
Kakteen-Gesell. 1: 173-174. illust . S 1929. 

A plant from Mexico. 

Bogusch, B. R. A new Phlox from Texas. Phlox Wilcoxiana sp. 

nov. Torreya 29: 135-136. 24 0 1929. 

Bowen, R. H. Studies on the structure of plant protoplasm. 
II. The plastidome and pseudochondriome. Zeitsch. Wiss. 
Biol. Abt. B 9: 1-65. pi 1-6 +/. 1~5 . 28 My 1929. 
Bowers, G. A page of palms with notes on the growing of palm 
seed in California. Flor. Exch. 71: 11. illust. 31 Au 1929. 
Boyce, J. S. Deterioration of wind-thrown timber on the 
Olympic peninsula, Wash. U. S. Dept. Agr. Tech. Bull. 
104: 1-28. pi 1+f. 1-11. F 1929. 

Bradbury, D. A comparative study of the developing and 
aborting fruits of Prunus cerasus. Am. Jour. Bot. 16: 525— 
542. pi 51-54+f . 1 . “Jl” 4S 1929. 

Braun, E. L. Glacial and post-glacial plant migrations indicated 
•by relic colonies of southern Ohio. Ecology 9: 284-302. 
/. 1-4 . J1 1928. 

Briant, A. K., & Martyn, E. B. Diseases of cover crops. Jour. 
Imp. Coll. Trop. Agr. 6: 258-260. S 1929. 

Describes Colletotrichum, curmtum sp. nov. 

Bristol, W. M. The curious Yucca . Jour. Cactus & Succ. Soc. 
Am. I 4 : 1-3. illust. O 1929. 

Britton, E. G. Wild plants needing protection. 14. “Virginia 
cowslip” or “bluebells” ( Mertensia virginica (L.) DC.). 
Jour. N. Y. Bot. Card. 30: 209-211. pi 304+f, L S 1929. 
Brooks, T. J. Plant diseases and pests. Part I. Florida Quart. 

Bull. Dept. Agr. 39 3 : 1-46. J1 1929. 

Bryan, M. K. Bacterial canker of tomatoes. U. S. Dept. Agr. 
Circ. 29: 1-7. f. 1-7. Ap 1928. 
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Bryan* M. K. A fruit spot of tomato caused by Aplanobacter 
michiganense. Phytopathology 19: 690. J1 1929. 

Bryan* M. K. The relation of moisture to stomata! infection. 

Phytopathology 19: 751. An 1929. 

Burger* O. P« Red rot of sugar cane. Florida Quart. Bull. 

Dept. Agr. 39 s : 248-250. J1 1929. 

Burger* O. F. Watermelon diseases. Florida Quart. Bull. 

Dept. Agr. 39 s : 147-152. J1 1929. 

Burger* 0. F., & Parham* H. C. Peronospora disease of tobacco. 

Florida Quart. Bull. Dep. Agr. 39 3 : 250-254. J1 1929. 
Burkart, A. Notas sobre Leguminosas Platenses. Physis 9: 
267-274. 31 D 1928. 

Burkholder* P. R. Microplankton studies of Lake Erie. Bull. 

Buffalo Soc. Nat. Sci. 14: 73-93. Must. 1929. 
Burkholder, W. H., & Hawley, I. M. Diseases, and insect and 
other pests, of the field bean in New York. Revised edi¬ 
tion. Cornell Agr. Exp. Sta. Bull. 58:1-40./. 1-23. Ap 1929. 
Burret, M. Die Palmengattungen Orbignya , Attalea , Scheelea 
und Maximiliana . Notizbl. Bot. Gart. Berlin 10: 493-543. 
/. 9. 30 Mr 1929; 651-701. 10 J1 1929. 

Burret, M. Lepidocaryum Tessmannii Burret nov. spec. 
Notizbl. Bot. Gart. Berlin 10: 771-772. 10 J1 1929. 

From east Peru. 

Bush., B. F. The Mexican species of Tilia. Am. Midi. Nat. 11: 
543-560. S 1929. 

Nine new species are described. 

Buswell, W. M. Florida myrtles. Am. Bot. 35: 138-143. 
0 1929. 

Cabrera, A. L. Notas sobre compuestas de la flora Platense. 

Physis 9: 261-267. /. 1, 2. 31 D 1928. 

Caldwell, O. W., & committee. John Merle Coulter. Science 
II. 70: 299-301. 27 S 1929. 

Camp A. F., & Mowry, H. The Japanese persimmon in Florida. 
Florida Agr. Exp. Sta. Bull. 205: 527-562. /. 139-160, 
Je 1929. 

Campbell, R. S. A case of phyllody in Yucca data. Bot. Gaz. 
88: 109: /. 1, 2. 14 S 1929. 

Carpenter, D. S. Additions to the Vermont flora. Vermont 
Bot. & Bird Club Bull, 12: 25. N 1927. 
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Castellanos? A. Contribuciones a la flora de San Luis. I. Dis- 
tribucion de la palma Trithrinax campestris . An. Mus. 
Hist. Nat. Buenos Aires 34: 38-43. pi. 1-3 . 1928. 
C[heesman], E. E. Coconut notes. Jour. Imp. Coll. Trop. Agr. 
6: 289-292. 0 1929. 

Cheyney, E. G. A study of the roots in a square yard of Jack 
pine forest. Jour. Forestry 27: 546-549. My 1929. 

Childs, L., & Zeller, S. M. Observations on Armillaria root 
rot of orchard trees. Phytopathology 19: 869-873. /. 1. 
S 1929. 

Christensen, C. Taxonomic fern studies II. On a small collec¬ 
tion of ferns from the state of Amazonas, Brasil, made by 
Mr. A. Roman in 1924. Dansk Bot. Ark. 6 3 : 94-99. 1929. 

Includes description of Polypodium panorense sp. nov. 

Church, G. L. Meiotic phenomena in certain Gramineae I. 
Festuceae, Aveneae, Agrostideae, Chlorideae, and Phala- 
rideae. Bot. Gaz. 87: 608-629. pi. 25-27. 21 Je 1929; 

II. Paniceae and Andropogoneae. Bot. Gaz. 88: 63-84. 
pi. 4-6. 14 S 1929. 

Clark, C. F. A Solanum hybrid resulting from a cross between 
S. Fendleri and 5. chacoense. Jour. Heredity 20: 391-394. 
f. 23. J1 1929. 

Clark, J. A., Florell, V. EL, & Hooker, J. R. Inheritance of 
awnedness, yield, and quality in crosses between Bobs, 
hard Federation, and Propo wheats at Davis, California. 
U. S. Dep. Agr. Tech. Bull. 39: 1-38. f. 1-6. F 1928. 
Clements, F. E. Experimental methods in adaptation and 
morphogeny. Jour. Ecology 17: 356-379. Au 1929. 
Clements, F* B., Weaver, J. E,, & Hanson, H. C. Plant com¬ 
petition. An analysis of community functions. Carnegie 
Inst. Washington Publ. 398: i-xv, 1-340. pi. 1-32 +/. 1- 
30. S 1929. 

[Clute, W. N .] The fern’s place in nature. Am. Nat. 35: 152— 
156. 0 1929. 

Clute, W. N. The useful plants of the world, i-v, 1-86. Joliet, 

III. , 1928. 

Coleman, D. A., Rothget, B. E., & Fellows, H. C. Respiration 
of sorghum grains. U. S. Dept. Agr. Tech. Bull. 100: 1-16. 
/. 1-3. N 1928. 
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Collins, J. L., Hollingshead, L., & Avery, P„ Interspecific 
hybrids in Crepis. III. Constant fertile forms containing 
chromosomes derived from two species. Genetics 14: 
305-320. /. 1-5. My 1929. 

Colon, L A. La Planta, el aire y el suelo (Breve resena historica 
de las teorias sobre la nutricion vegetal). Rev. Agr. 
Puerto Rico 23: 6-9, 42-43. Must. J1 1929. 

Conard, H. S., & Galligar, G. C. Third survey of a Long Island 
salt marsh. Ecology 10: 326-336. Must. J1 1929. 

Cook, M. T. Franklin Sumner Earle. Rev. Agr. Puerto Rico 
23: 4. J1 1929. 

Copeland, E. B. The oriental genera of Polypodiaceae. Univ. 

California Publ. Bot. 16: 45-128. 4 S 1929. 

Cratty, R. I. The immigrant flora of Iowa. Iowa State Col. 

Jour. Sci. 3: 247-269. Ap 1929. 

Crist, J, W., & Bye, M. The association of vitamin A with 
greenness in plant tissue. II. The vitamin A content of 
Asparagus. Jour. Biol. Chem. 81: 525-532. f. 1-3. Mr 
1929. 

Crosby, Mrs. S. V. R. New England’s wild flowers. Nature 
Mag. 13: 308-310, 343-344. Must. My 1929. 

Crues, W. & Fong, W. Y. The effect of pH value and hydro¬ 
gen peroxide concentration on fruit oxidase acidity. Plant 
Physiology 4: 363-366. J1 1929. 

Curran, H. M. The lands of Loba, Colombia. Trop. Woods 
19: 11-38. 1 S 1929. 

Barrow, G. M. Inflorescence types of strawberry varieties. 

Am. Jour. Bot. 16: 571-585./. 1-6. 24 0 1929.^ 
Daubenmire, R. F. Tufa deposits at Clifty Falls State Park. 

Proc. Indiana Acad. Sci. 38: 123-125. f. 1 . 8 I) 1928. 

Davis, R. L. Cruces con variedades de Java y Barbados en 
Puerto Rico. Rev. Agr. Puerto Rico 23: 5. Must . J1 
1929. 

Deuber, C. G., & Bowen, P. R. Chemical treatment to shorten 
the rest period of sugar maple trees. Science II. 70: 102. 
JI1929. 

Dickson, J. G., & Mains, E. B. Scab of wheat and barley and 
its control. U. S. Dep. Agr. Farm. Bull. 1599: 1-17. 
/. 1-16 . S 1929. 
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Diehl, W. W., & Cash, E. K. The taxonomy of Peziza quernea. 
Mycologia 21: 243-248. pi 21+f . 1,2. IS 1929. 

Describes Godroniopsis gen. nov. 

Dixon, H. N. On a small collection of mosses from the Seychel¬ 
les. Ann. Bryol. 2: 5-9. 1929. 

Dobbin, F. Studying botany on Mount Washington. Vermont 
Bot. & Bird Club Bull. 12: 29-30. N 1927. 

Dodge, B. O. Segregations observed in breeding the Monilia 
bread molds. Science II. 70: 222. 30 Au 1929. 

Domin, K. New ferns from tropical America and the West 
Indies. Kew Bull. Misc. Inf. 1929: 215-222.1929. 

Describes new species in Hemitelia (3), Alsophila (3), Diplazium (1), 
Dryopteris (1), and Pityrogram?na (2). 

Dowding, E. S. The vegetation of Alberta. III. The sandhill 
areas of central Alberta with particular reference to the 
ecology of Arceuthobium americannm Nutt. Jour. Ecology 
17: 82-105. pi 8-13+f. 1-3. F 1929. 

Dufrenoy, J. The chestnut disease in France. Jour. Forestry 
27: 595-596. My 1929. 

Dufrenoy, J. Le Pkomopsis Citri Fawcett. An. Crypt. Exot. 
1: 349-352. pi 1. D 1928. 

Dufrenoy, J. Recents travaux relatifs au Glomerella cingulata 
(Stonem) Spaulding et von Schr. et a sa forme conidienne: 
Colletotrichum gloeosporioides. An. Crypt. Exot. 2: 82- 
84./. 1. Mr 1929. 

Dufrenoy, J. Trois maladies des Citrus de Floride. An. Crypt. 
Exot. 2: 79-81./. i. Mr 1929. 

Dutton, D. L. Lister a australis in Vermont. Vermont Bot. 

& Bird Club Bull. 12: 43-44. N 1927. 

East, E* M. Self-sterility. Bibliog. Genetica 5: 331-370, 1929. 
East, E. M., & Yarnell, S. H. Studies on self-sterility, VIII. 

Self-sterility allelomorphs. Genetics 14: 455-487. S 1929. 
Eastwood, A. The Escallonias in Golden Gate Park, San 
Francisco, California with descriptions of new species. 
Proc. California Acad. Sci. IV. 18: 385-39L 6 S 1929. 
Eastwood, A. Studies in the flora of lower California and 
adjacent islands. Proc. California Acad. Sci. IV. 18: 
393-484. pi 33, 34. 6 S 1929, 
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Eaton, F. M., & Belden, G. O, Leaf temperatures of cotton 
and their relation to transpiration, varietal differences, 
and yield. U. S. Dep. Agr. Tech. Bull. 91: 1-39./. 1—10. 
Ja 1929. 

Eddins, A. H. Pathogenicity and cultural behavior of Ustilago 
Zeae (Reckm.) Ung. from different localities. Phyto¬ 
pathology 19: 885-916./. 1-7 . 0 1929. 

Elliott, C. Chile and the Andes. VII. Gard. Chron. 84: 69. 
f.30. 28 J1 1928; VIII. 85: 224. f. 110-111. 23 Mr 1929; 
IX. 262-263. /. 133 , 134. 6 Ap 1929; X. 294-295. /. 

150-152. 20 Ap 1929; XL 346. /. 173, 174. 11 My 1929; 
XII. 445-446. 15 Je 1929. 

Emerson, R. A. The frequency of somatic mutation in varie¬ 
gated pericarp of maize. Genetics 14: 488-511. S 1929. 
Englis, D. T,, & Gerber, L. A study of diastase activity in 
plants: the effect of phosphates in the soil media. Soil 
Sci. 28: 221-223. S 1929. 

Everett, T. H. Some plants of special interest. Gard. Chron. 
Am. 33: 337. D 1928. 

Farlow, W. G. leones Farlowiana. Illustrations of the larger 
fungi of eastern North America. Descriptive text by E. A. 
Burt, i-x, 1-120. pi. 1-103. Farlow Library, Harvard 
Univ., 1929. 

Felippone, F. Contribution a la flore mycologique de i’Uruguay. 

An. Crypt. Exot. 1: 338-348. pi. 8. D 1928. 

Fernald, M. L. Achillea siberica in eastern America. Rhodora 
31: 219-220. 23 0 1929. 

Fernald, M. L. The author of A thy Hum alpestre . Rhodora 31: 
165-166. 16S1929. 

Fernald, M. L. Menyanthes trifoliata , var. minor . Rhodora 
31: 195-198. 23 O 1929. 

Fisher, R. B. Flora of McKinley Park, Alaska. Vermont Bot. 

& Bird Club Bull. 12: 32-33. N 1927. 

Forbes, S. A. The biological survey of a river system—its 
objects, methods and results. Illinois Nat. Hist. Surv. 
Bull. 17: 277-284. Mr 1928. 

Foster, A. S. Investigations on the morphology and com¬ 
parative history of development of foliar organs. I. The 
foliage leaves and cataphyllary structures in the horse- 
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chestnut (Aesculus Hippocastanum L.) Am. Jour. Bot. 
16: 441-474. “Je” 18 J1 1929; 475-501. pi, 40-50. “Jl” 
4 S 1929. 

Frenguelli, J. Diatomeas del oceano Atlantico. Frente a mar 
del Plata (Republica Argentina). An. Mus. Nac. Hist. 
Nat. Buenos Aires 34: 497-572 .pi. 1-21. 1928. 

Fulling, E. H. Decorative mixed coniferous-evergreen collec¬ 
tions in the New York Botanical Garden. Jour. N. Y. Bot. 
Gard. 30: 212-228. /. 2-5. S 1929; 244-261. /. 3-6. O 
1929. 

Fulling, E. H. A guide to the Pinetum. Bull. N. Y. Bot. Gard. 
14: 1-165./. 1-19. 30Au 1929. 

Gardner, M. W. Indiana plant diseases, 1927. Proc. Indiana 
Acad. Sci. 38: 143-157./. 1-5. 8 D 1928. 

Gerhardt, F. Effect of acid and alkaline hydrolysis on the 
estimation of hemicellulose and associated groups in 
young apple wood. Plant Physiology 4: 373-383. JI 
1929. 

Giddings, N. J., Allard, H. A., & Hite, B. H. Inactivation of 
the tobacco-mosaic virus by high pressures. Phyto¬ 
pathology 19: 749-750. Au 1929. 

Gleason, H. A. The genus Monochaetum in North America. 
Am. Jour. Bot. 16: 586-594. 24 0 1929. 

Four new species and several new forms are described. 

Gleason, H. A* The genus Monochaetum in South America. 
Am. Jour. Bot. 16: 502-522. "Jl” 4 S 1929. 

Eight new species and two new varieties are described. 

Gleason, H. A. Two undescribed species of Hypericum from 
South America. Torreya 29: 137-138. 24 0 1929. 

H. andinum and H. punense , spp, nov. 

Godfrey, G. H. A destructive root disease of pineapples and 
other plants due to Tylenchus brachyurus , n. sp. Phyto¬ 
pathology 19: 611-629. pi. 15 +/. 1-10 . Jl 1929. 

Graves, A. H. The cause of the persistent development of 
basal shoots from blighted chesnut trees. Phytopathology 
16: 615-621./, 1. S 1926. 

Graves, E. W. Collecting in the mountains of Colorado. Am. 
Fern Jour. 19: 95-99. S 1929. 
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Greene, H. C. Myxomycetes of western Washington. Mycolo- 
gia 21: 261-273. 1 S 1929. 

Gustafson, F. G. Growth studies on fruits. Respiration of 
tomato plants. Plant Physiology 4: 349-356. /. 1-3 . J1 
1929. 

Gustafson, F. G. Notes on the determination of the hydrogen 
ion concentration of soils. Ecology 9: 360-363. J1 1928. 
Haas, A. R. C. Effect of nitrate salts upon growth and com¬ 
position of tobacco leaves. Bot. Gaz. 88: 96-102. /. 2. 
14 S 1929. 

Haas, A. R. €. Toxic effect of boron on fruit trees. Bot. Gaz. 

88: 113-131./. 1-13. 23 0 1929. 

Hagelstein, R. New Mycetozoa from Long Island. Mycologia 
21: 297-299. pi. 26. 1 S 1929. 

Cribraria lax a and Comatricha Rispaudii , spp. nov. 

Hamel, G. Contributions a la flore algologique des Antilles. 

An. Crypt. Exot. 2: 53-58./. 1. Mr 1929. 

Hanna, W. F. Nuclear association in the aecium of Puccinia 
graminis. Nature 124: 267. 17 Au 1929. 

Hansen, A. A. Beware these! Common plants that poison 
thecareless. Nature Mag. 14: 16-18. illust. J1 1929. 
Hansen, H. N. Etiology of the pink-root disease of onions. 

Phytopathology 19: 691-704./. 1-5. Au 1929. 

Hanson, H. C. Intensity of grazing in relation to proximity 
to isolation transects. Ecology 10: 343-346. /. 2, 2. 
J1 1929. 

Harland, S. C. The genetics of cotton. Part III. The inheri¬ 
tance of corolla colour in New World cottons. Jour. Genetics 
21: 95-111. pi 10. 29 Ap 1929. 

Harper, R. M. Two undescribed types of rock outcrop vegeta¬ 
tion in Georgia. Torreya 29: 125-130. 0 1929. 
Harshberger, J. W. Preliminary notes on American snow 
patches and their plants. Ecology 10: 275-281. pi. 7 , 
8. J1 1929. 

Harter, L. L., & Weimer, J. L. A monographic study of sweet- 
potato diseases and their control. U. S. Dept. Agr. Tech. 
Bull. 99: 1-117. pi 1-26+f . 1-24. Ap 1929. 

Harter, L. L., & Whitney, W. A, Masking of sweet-potato 
mosaic. Phytopathology 19: 933-942. /. 1-3. O 1929. 
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Hartman, H. Hybrids between Pyrtts mains and Pyrus fusca. 

Jour. Heredity 20: 379-380./. 15-17. An 1929. 

Harvey, E. M. Some observations on the microchemical 
demonstration of phloridzin. Plant Physiology 4: 357— 
361./. 1-3. J1 1929. 

Haupt, A. W. Studies in Californian Hepaticae. II. Fossotn- 
bronia longiseta . Bot. Gaz. 88: 103-108. pi. 7. 14 S 1929. 
Hein, I. An experimental mushroom house. Torreya 29: 131 — 
132. illust. 0 1929. 

Henry, A. W., & Foster, W. R. Leptosphaeria foot-rot of wheat 
in Alberta. Phytopathology 19: 689-690. J1 1929. 

Hicks, G. C. Cytological studies in Cyperus , Eleocharis , Du- 
lichium , and Eriophorum . Bot. Gaz. 88: 132-149. />/. 
<?, 9. 23 O 1929. 

Hill, A. W. Index kewensis plantarum phanerogamum. Suppl. 
7: 1-260. 1929. 

Hoak, C. M. The lilies of the desert. Desert 1: 52-63. illust. 
S 1929. 

Hodgson, B- E. The host plants of the European corn borer 
in New England. U. S. Dep. Agr. Tech. Bull. 77: 1-63. 
/. 1-34. N 1928. 

Hollingsliead, L. Chromosome number and morphology in 
Nicotiana. III. The somatic chromosomes of N.longiflora 
Cav. Univ. California Publ. Bot. 11: 257-264. /. 1-3. 

5 Au 1929. 

Holm, T. Morphology of North American species of Polygala. 

Bot. Gaz. 88: 167-185./. 1-42. 23 0 1929. 

Horr, W. H. Some studies on the structure and behavior during 
germination of Gymnocladus canadensis Lam. Univ, Kansas 
Sci. Bull. 17: 331-364. pi. 29-36. S 1927. 

Houghton, A. D. The genus Pereskiopsis. Jour. Cactus & 
Succ. Soc. Am. I 3 : 11-12. S 1929. 

Houghton, A. D, Genus Pterocactus Schumann. Jour. Cactus 

6 Succ. Soc. Am. I 4 : 4-5. illust. O 1929. 

Howell, J. T. A systematic study of the genus Lessingia Cham. 

Univ. California Publ. Bot. 16: 1-44./, 1-70 . 5 Au 1929. 
Huber, J. A. Bluten-und Samenentwicklung der Kakteen und 
ihre Bedeutung fur deren systematische Stellung. Monats. 
Deutsch. Kakteen-Gesell. 1: 175-190. pi. 1-3. S 1929.' 
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Hubert^ E* E, A butt-rot of balsam fir caused by Polyporus 
balsameus Pk. Phytopathology 19: 725-732. /. 1-3. 
An 1929. 

Hubert^ E. E. A root and butt-rot of conifers caused by Poly¬ 
porus circinatus Fr. Phytopathology 19: 745-747. Au 
1929. 

Huntj W. R. Collections of rusts made in New York State. 

Mycologia 21: 288-291. 1 S 1929. 

Hurd-Karrer, A. M. Relation of leaf acidity to vigor in wheat 
grown at different temperatures. Jour. Agr. Res. 39: 
341-350./. 1, 2. 1 S 1929. 

Hurd-Karrer, A. M., & Taylor, J. W. The water content of 
wheat leaves at flowering time. Plant Physiology 4: 
393-397./. 1. J1 1929. 

Hutchinson, W. G. Studies on the mycelium of Cronartium 
Comptoniae Arthur on Pinus sylvestris L. Phytopathology 
19: 741-744./. L Au 1929. 

Ingram, D. Oregon’s own Primula. Better Flowers 1929: 7. 
Must. Au 1929. 

Janssen, G. The relationship of organic root reserves and other 
factors to the permanency of alfalfa stands. Jour. Am. 
Soc. Agron. 21: 895-911./ 1-9. S 1929. 

Janssonms, H. H. A contribution to the natural classification 
of the Euphorbiaceae. Trop. Woods 19: 8-10. 1 S 1929. 
Johansen, D. A. New chromosome numbers in the Onagraceae. 

Am. Jour. Bot. 16: 595-597. 24 0 1929. 

Johnson, M. A. The pericycle in^the root of Eguisetum. Proc. 

Indiana Acad. Sci. 38: 137-138. 8 D 1928. 

Johnson, D. S. Development of antheridium and spermato- 
zoid in Plagiochila adiantoides Lindb. (Swartz) Bot. Gaz. 
88: 38-62. pi 1-3+f. 1-4. 14 S 1929. 

Johnson, D. S., & Skutch, A. F. Littoral vegetation on a head¬ 
land of Mt. Desert Island, Maine. II. Tide-pools and the 
environment and classification of submersible plant com¬ 
munities. Ecology 9: 307-338. pi 16 , 17. J1 1928. 
Johnston, I. M. Papers on the flora of northern Chile. Contr, 
Gray Herb. Harvard Univ. 85: 1-172. pi 2, 2 . 10 Au 

1929. 

Includes descriptions of 56 new species and many new combinations and 
varieties. 
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Johnston, I. M. Some undescribed species from Peru. Contr. 
Gray Herb. Harvard Univ. 85: 172-180. 10 Au 1929. 

Ten new species in various genera are described. 

Jones, F. R., & Weimer, J. L. Bacterial wilt and winter injury 
of alfalfa. U. S. Dep. Agr. Circ. 39: 1-8./. 7, 2. J1 1928. 
Jones, J. W. Distribution of anthocyan pigments in rice 
varieties. Jour. Am. Soc. Agron. 21: 867-875. S 1929. 
Klotz, L. J. The enzymes of Pythiacystis citrophthora Sm. & 
Sm. Hilgardia 3: 27-40. 0 1927. 

Knight, H., Chamberlain, J. C., & Samuels, C. D. On some 
limiting factors in the use of saturated petroleum oils as 
insecticides. Plant Physiology 4: 299-321. /. 1 , 2. J1 
1929. 

Knowlton, C. H. Ferns and their allies in Washington County, 
Maine. Am. Fern. Jour. 19: 82-87. S 1929. 

Kranzlin, F. Ein neues Catasetum: C. stenochilum . Repert. 
Spec. Nov. 26: 255-256. 20 S 1929. 

A plant from Brazil. 

Kranzlin, F. Ein neues Oncidium aus Bolivia. Repert. Spec. 
Nov. 26: 344. 20 S 1929. 

Oncidium reductum sp. nov. 

Kranzlin, F. Eine vergessene Orchidee. Repert. Spec. Nov. 
26: 255. pi. 78. 20 S 1929. 

A plant from Guatemala. 

Krebs, C. Again, the highbush cranberry. Am. Bot. 35: 135- 
137. Must. O 1929. 

Kufferath, H. Algues et Protistes muscicoles corticoles et 
terrestres recoltes sur la montagne de Barba (Costa Rica). 
An. Crypt. Exot. 2: 23-52./. 1-32 . Mr 1929. 

Kiikenthal, G. Cyperaceae novae vel criticae. VIII. Repert. 
Spec. Nov. 26: 249-254. 20 S 1929. 

Describes Pleurostachys Buchtienii sp. nov. from Bolivia. 

Kulkarni, C. G. Meiosis in the sporocytes of two mutations 
of Oenothera pratincola and their hybrids. Am. Jour. Bot. 
16: 606-620. pi 58-61. 24 0 1929. 

Lackey, C. F. Attenuation of curly-top virus by resistant sugar 
beets which are symptomless carriers. Phytopathology 
19; 975-977. O 1929. 
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Leach, J« G. The effect of grafting on resistance and sus¬ 
ceptibility of beans to Colletotrichum Lindemuthianum. 
Phytopathology 19: 875-877. f. L S 1929. 

Leon, EL Elogio de Charles Fuller Baker (1872-1927). 1-28. 

portrait . Acad. Cien. Med. Fis. & Nat. Habana, 22 Jel928. 
Leonian, L. EL Studies on the variability and dissociations in 
the genus Fusarium. Phytopathology 19: 753-868. pi. 
16-33. S 1929. 

Leonian, L. EL, & Geer, EL L. Comparative value of the size 
of Phytophthora sporangia obtained under standard con¬ 
ditions. Jour. Agr. Res. 39: 293-311. 15 Au 1929. 

Linder, D. BL A monograph of the helicosporous fungi im¬ 
perfect!. Ann. Missouri Bot. Gard. 16: 227-388. pL 
12-31+f. 1-16. S 1929. 

Describes 21 new species in various genera and many new combinations. 

Link, G. K. EL Reproduction in thallophytes with special 
reference to fungi. Bot. Gaz. 88: 1-37. 14 S 1929. 

LIpski, W. EL North America and its botanical gardens I. 
New York Botanical Garden. 1-180. pL 1-5 . Petrograd, 
1915. 

Livingston, B. E., & Haasis, F. W. The measurement of 
evaporation in freezing weather. Jour. Ecology 17: 315- 
328. pL 24. Au 1929. 

Lockwood, L. B. Peridia of Crucibulum vulgare . Proc. Indiana 
Acad. Sci. 38: 105-107./. 1, 2. 8 D 1928. 

Lownes, A. E. Andropogon glomeratus in Rhode Island. Rho- 
dora 31: 198. 23 0 1929. 

Lutman, B* F, Microbiology, i-x, 1-495. /. 1-211. New York, 
McGraw-Hill Book Co., 1929. 

Macbride, J. F. Cornns, a genus new to South America. Trop. 
* Woods 19: 4-5. 1 S 1929. 

Cornus peruviana and C. boliviana, spp. nov. 

MacCaskill, A. Wilson’s Promontory, Victoria National Park. 

Am. Fern. Jour. 19: 104-105. S 1929. 

McDougall, W. B., & Penfound, W. T. Ecological anatomy of 
some deciduous forest plants. Ecology 9: 349-353. pi. 
19 . J1 1928. 
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Maeliacek, J. E. The black mold of onions, caused by Asper¬ 
gillus niger v. Tiegh. Phytopathology 19: 733-739. /. 
1-4. Au 1929. 

Mackenzie, K. K. Air a spicata L. Rhodora 31: 194-195. 
23 O 1929. 

MacKinney, A. L. Effects of forest litter on soil temperature 
and soil freezing in autumn and winter. Ecology 10: 
312-321./. 1-3. J1 1929. 

McLaughlin, L., & Haber, E. S. The relation of vitamin A 
content to size of leaves. Jour. Biol. Chem. 94: 249-256. 
0 1929. 

McLean, R. R. Hosts of the Mediterranean fruit fly in Florida. 

Mo. Bull. Dep. Agr. California 18: 413-417. J1 1929. 
Magnusson, A. H. The yellow species of Acarospora in North 
America. Mycologia 21: 249-260. 1 S 1929. 

Eight new species are described. 

Mains, E. B* Observations concerning diseases of Iris and 
tulips. Proc. Indiana Acad. Sci. 38: 93-102, /, 1-11. 
8 D 1928. 

Markgraf, F. Blakea Schultzei Mgf. nov, spec. Notizbl. Bot. 
Gart. Berlin 10: 770. 10 J1 1929. 

A plant from Colombia. 

Martin, G. H. Polymorphism of Leptosphaeria coniothyrium 
(Fckl.) Sacc. Phytopathology 19: 879. S 1929. 

Martin, G, W., & Nelson, T. C. Swarming of Dinoflagellates 
in Delaware Bay, New Jersey. Bot. Gaz. 88: 218-224. 
/. 1-4 . 23 O 1929. 

Mattfeld, J. Eine Baumformige Espeletia aus der Sierra Nevada 
de Santa Marta. Notizbl. Bot. Gart. Berlin 10: 702-705. 
/. 10. 10 J1 1929. 

Mattfeld, J. Stilpnopappus Pickelii nov. spec. (Compositae). 
Notizbl. Bot. Gart. Berlin 10: 774-775. 10 J1 1929. 

A plant from Brazil. 

Mattfeld, J. Tafalla leptothamna nov. spec. (Compositae). 
Notizbl. Bot, Gart. Berlin 10: 775-776. 10 J1 1929. 

A plant from Peru. 

Mattfeld, J. Tafalla scolopendra (Hook.) Mattf. comb. nov. 
Notizbl. Bot. Gart. Berlin 10: 776. 10 J1 1929. 
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Meier, R E. Recherches experimentales sur la formation 
cle la Caroline chez les algues vertes unicellulaires et sur 
la production de la gelee chez un Stichococcus ( S. mess en¬ 
ter (rides). 1-42. pi. 1. These No. 860, Universite de Geneve, 
Institute de Rotanique. Geneve, 1929. 

Meier, F. E. (with R. Chodat). Sur les conditions de la forma¬ 
tion de la Caroline chez les algues en culture pure. Compte 
Rendu Soc. Phys. & Hist. Nat. Geneve 44: 107-110. 
1927. 

Merrill, E. D. A new Philippine species of Chloris. Philippine 
Jour. Sci. 40: 181-182. O 1929. 

Chloris dementis sp. nov. 

Molfino, J. F. Adiciones a la flora fanerogamica adventicia de 
la Argentina. An. Mus. Nac. Hist. Nat. Buenos Aires 
34: 89-119. pi. 1-10 . 1928. 

Monteith, J. Jr. Clover anthracnose caused by Colletotrichum 
Trifolii. U. S. Dep. Agr. Tech. Bull. 28: 1-26. pi 1-7 +/. 
1-4. F 1928. 

[Moore, G. T.] The early history of the dahlia. Missouri 
Bot. Card. Bull. 17: 101-111. pi 14-16. S 1929. 

Morgan, E. D. A new station for Aspidium filix-mas. Vermont 
Bot. & Bird Club Bull. 12: 25. N 1927. 

Morgan, W. P, A new variety of Freesia. Jour. Heredity 20: 
357-358./. 2, 3. Au 1929. 

Neal, D. G. The occurrence of viable cotton root-rot sclerotia 
in nature. Science II. 70: 409-410. 25 O 1929. 

Neff, L J. Stamens in blackberry lily. Am. Bot. 35: 174. 
O 1929. 

Nichols, G. E* Plant ecology. Ecology 9: 267-270. J! 1928. 
Nickerson, G. P. Cereus Engelmanii nature’s miracle. Desert 
1: 5. illusl My 1929. 

Nickerson, G* P. Opuntia acanihocarpa. Desert 1: 55. illusl 
S 1929. 

Nickerson, G. P. Opuntia Bigelovii. Desert 1: 44, 48. illust. 
Au 1929. 

Nickerson, G. P. Opuntia ramosissima of Cylindropuntia 
family. Desert P: 5-6. illust. J1 1929. 

Nickerson, G. P. Platyopuntia , Tuna, Nopal, prickly pear, 
Indian fig. Desert 1: 70-71. 0 1929, 
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Nicolas, J. H. The carnation rose. An unusual teratologic 
variation. Jour. Heredity 20: 389-390./, 22. J1 1929. 
Niedenzu, F. Malpighiaceae novae. Repert. Spec. Nov. 26: 
345-347. 20S1929. 

Includes descriptions of 3 new species from South America. 

Nieuwland, J, A., & Slavin, A. D. Preservation of Monotropa 
and similar plants without discoloration. Proc. Indiana 
Acad. Sci. 38: 103-104. 8 D 1928. 

Osterhout, W. J. V., & Harris? E. S. Note on the nature of 
current of injury in tissues. Jour. Gen. Physiol. 13: 47- 
56. /. 2-15. 20 S 1929. 

Overholts, L. O. Mycological notes for 1926-27. Mycologia 
21: 274-287. pi 22-25 . 1 S 1929. 

Corticium Pruni and Hypochnus pennsylvanicus, spp. nov. are described. 
Palmer, C. M. Algae of Indiana—a classified check list of 
those published between 1875 and 1928. Proc. Indiana 
Acad. Sci. 38: 109-121. 8 D 1928. 

Palmer, R. C. Teratologic forms of Trillium ovatum and Tril¬ 
lium petiolatum. State Coll. Washington Res. Stud. 1: 
76-83. pi 4. “My” 19 Au 1929. 

Parodi, L. R. Sinopsis de las Gramineas Argentinas del genero 
Muhlenbergia . Physis9: 205-222. Ulust. 31 D 1928. 

Parodi, L. R. Una nueva especie de Graminea de la flora 
Argentina. Physis 9: 256-259. Ulust. 31 D 1928. 

Trichloris Lilloi sp. nov. 

Patel, M. K. Biological studies of Pseudomonas tumefaciens 
Sm. & Town, and fifteen related non-pathogenic organisms. 
Iowa State Coll. Jour. Sci. 3: 271-298. Ap 1929. 

Peltier, G. L, Some aspects of the spread of stem rust. Zen- 
tralb. Bakt. 2 Abt. 78: 525-535. 10 S 1929. 

Peltier, G. L., & Thiel, A. F. Stem rust in Nebraska. Nebraska 
Agr. Exp. Sta. Res. Bull. 42: 1-40. f. 1-11. Je 1927. 
Pfeiffer, H. Decas Cyperacearum criticarum vel emendatarum 
I. Repert. Spec. Nov. 26: 256-263. 20 S 1929. 

Pittier, H. Botanical notes on, and descriptions of, new and 
old species of Venezuelan plants. II. Old and new species 
of Euphorbiaceae. Jour. Washington Acad. Sci. 19: 
351-357. 4 0 1929. 

Ten new species are described. 
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Porter, C. L,* & Bockstahler, H. W. Concerning the reaction 
of certain fungi to various; ^ave lengths of light. Proc. 
Indiana Acad. Sci. 38: 133-135. 8 D 1928. 

Porter* C. 3L, & Woollett, 1. L. Minor successions from the 
Cladonia mat in sandy upland soil in northern Michigan. 
Torreya 29: 133-134. 0 1929. 

Porter* R. H., Yu* T. F*, & Chen* EL Eh The response of hulless 
barley to seed treatment for covered smut and stripe 
disease. Phytopathology 19: 657-666. Ji 1929. 

Priode, C. N. El pokkah-bong y el cogollo retorcido de la cana 
de azucar en Cuba. Rev. Agr. Puerto Rico 13: 60-69, 
94-95./. 1-11, illust. Au 1929. 

Pugsley, F. W. Woodwardia areolaia , the traveling fern. Am. 

Fern Jour. 19: 88-91./. 5. S 1929. 

Rea* C.j & Ramsbottom, J. Some fungus forays in America. 

British Mycol. Soc. Trans. 14: 293-299. 14 O 1929. 

Reed* E. Testing the sugar content of beets for genetical pur¬ 
poses. Plant Physiology 4: 367-371. Jl 1929. 

Rehder* A. Notes on the ligneous plants described by H. 
Leveille from eastern Asia. Jour. Arnold Arbor. 10: 108- 
132. Ap 1929; 184-196. Jl 1929. 

Eleven new species in various genera are described. 

Richey* F. D. Corn breeding. U. S. Dep. Agr. Bull. 1489: 
1-63. pi1-12+f. 1-8. N 1927. 

Rosen, H. R. The discovery of insect transmission of patho- 
ogenic microorganisms. Science II. 70: 355. 11 O 1929. 
Rosen, EL R. A study of the fire blight pathogen, Bacillus 
amylovorus within living tissue. Science II. 70: 329-330. 
4 O 1929. 

Rost, E. C. Cereus Childsii. Desert 1: 45. illust. Au 1929. 
Russell, P. Japanese flowering cherries. U. S. Dep. Agr. Circ, 
31: 1-8. pi. 1-5. Mr 1928. 

Rydberg, P. A. Genera of North American Fabaceae. III. 

Tribe Psoraleae. Am. Jour. Bot. 15: 195-203. Mr 1928. 
Satina, S., & Blakeslee, A. F. Criteria of males and females in 
bread moulds (Mucors). Proc. Nat. Acad. Sci. 15: 735- 
740./. 1-3. 15 S 1929. 

Sayre, J. D. Opening of stomata in different ranges of wave 
lengths of light. Plant Physiology 4: 323-328. /. 1-4 . 
Jl 1929. 
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Schertz, F. M. The pure pigments, carotin and xanthophyll, 
and Tsweet absorption method. Plant Physiology 4: 
337-348. J1 1929. 

Schmidt, O. C. Beitrage zur Kenntnis der Meeresalgen der 
Azoren. I. Hedwigia 69: 95-113. /. 1-14. Je 1929; IL 
166-172. illust. S 1929. 

Four new species are described. 

Schmidt, O. C. Weinmannia agavacensis nov. spec. Notizbl. 
Rot. Gart. Berlin 10: 772-773. 10 J1 1929. 

A plant from Peru. 

Schmidt, O. C. Weinmannia velutina nov. spec. Notizbl. Bot. 
Gart. Berlin 10: 772. 10 J1 1929. 

A plant from Brazil. 

Scott, F. M. The occurrence of golgi apparatus in the seedling 
of Vida Faba. Am. Jour. Bot. 16: 598-605. /. 1-5. 24 
O 1929. 

Scott, I. T. Hydrogen-ion equilibrium of mycelial mats of 
Fusarium Lycopersid in salt solutions and its relation to 
growth and toxicity. Am. Jour. Bot. 16: 631-643./. 1-3. 
24 O 1929. 

Shear, C. L. The life history of Sphacetoma ampelinum deBary. 

Phytopathology 19: 673-679./. 2-5. J1 1929. 

Sherbakoff, C. D. Eggplant diseases and their control. Florida 
Quart. Bull. Dep.Agr.39 3 : 219-222. J11929. 

Shope, P. F. History of mycological collectors in Colorado. 

Mycologia 21: 292-296. 1 S 1929. 

Showalter, A. M. The evolution of “plasmolysis.” Am. Jour. 

Bot. 16: 523-524. “J1” 4 S 1929. 

Siegler, E. A., & Piper, R. B. Aerial crown gall of the apple. 

Jour. Agr. Res. 39: 249-262./. 1-4. 15 Au 1929. 

Skinner, F. L. Precocious lilac hybrids. Jour. Heredity 20: 
375-377. f. 13-14. Au 1929. 

Smith, F. G. Multiple cones in Zamia floridana . Bot. Gaz, 
88: 204-217./. 1-14. 23 O 1929. 

Snapp, O. I., & others. Experiments on the control of the plum 
curculio, brown rot, and scab, attacking the peach in 
Georgia. U. S. Dep. Agr. Bull. 1482: 1-32./. 1-10. Ap. 
1927. 
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Snell, W. H. Dasyscypha Agassizii on Finns Strobus . Mycologia 
21: 235-242*pi. 20. 1 S 1929. 

Snell, W. H. The relation of the moisture contents of wood 
to its decay. III. Am, Jour. Bot. 16: 543-546. “JJ” 
4 S 1929. 

Sponsler, 0. L. Mechanism of cell formation. Plant Physiology 
4: 329-336. f. 1-3 , J1 1929. 

Sprague, R. Host range and life-history studies of some legum¬ 
inous Ascochytae. Phytopathology 19: 917-932. pi. 
34-36. 01929. 

Stakmau ? E. C., Levine, M. N., & Wallaces J. M. The value 
of physiologic-form surveys in the study of the epidemi¬ 
ology of stem rust. Phytopathology 19: 951-959./. 1, 2. 
O 1929. 

Standley, P. C. A new species of Sorocea from Colombia. 
Trop. Woods 19: 39. 1 S 1929. 

Sorocea cola mb i ana sp, nov. 

Standley, P. C. The “tango” tree of Central America. Trop. 
Woods 19: 6-7. 1 S 1929. 

Zollernia tango sp. nov. 

Standley, P. €., & Macbride, J. F. A new form of red cedar 
from Indiana. Rhodora 31: 193-194. 23 0 1929. 

Juniperus virginiana forma Bremerae f. nov. 

Stapf, O. Epidendrum pumilum. Curt. Bot. Mag. IV. 153: 
pi. 9170. 24 Au 1929. 

A plant from Costa Rica. 

Stapf, O. Eusiephia pamiana . Curt. Bot. Mag. IV. 153: pi. 
9164. 24 Au 1929. 

From Argentina. 

Stewart, G., & Haywood, D. E. Correlated inheritance in a 
wheat cross between Federation and a hybrid of Sevier 
XDicklow. Jour. Agr. Res. 39: 367-392, f. 1-9. 1 S 

1929. 

St. John, H. New and noteworthy northwestern plants. Part 
III. State Coll, Washington Res. Stud. 1: 90-112. pL 
5-f/. /, 2. “My” 19 Au 1929. 

St. John, H., & Warren, F. A. Eriogonum compositum and its 
variations. State Coll. Washington Res. Stud. 1: 84- 
89. illust. “My” 19 Au 1929. 
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Svenson, EL EL On the biological effects of x-rays. Science II. 
69: 361. 29 Mr 1929. 

Swanson, C. H. The ecology of Turkey Run State Park. I. 
The flood plain. Proc. Indiana Acad. Sci. 38: 165-170. 
8 D 1928. 

Tapke, V. F. Influence of varietal resistance, sap acidity, and 
certain environmental factors on the occurrence of loose 
smut in wheat. Jour. Agr. Res. 39: 313-339. f. 1-4. 1 S 
1929. 

Taylor, W. R. Alpine algal flora of the mountains of British 
Colombia. Ecology 9: 343-348. pi. 18. JI 1928. 

Taylor, W. R. General botanical microtechnique. In: Hand¬ 
book of microscopical technique for workers in both animal 
and plant tissues, edited by C. E. McClung. Chapter IV. 
pp. 108-180, New York, Paul B. Hoeber, 1929. 

Taylor, W. R. Notes on algae from the tropical Atlantic ocean. 

Am. Jour. Bot. 16: 621-630. pi. 62+f . 1-13. 24 O 1929. 
Tilford, P. R., & May, C. The effect of Bordeaux mixture on the 
internal temperature of potato leaflets. Phytopathology 
19: 943-949. O 1929. 

Toro, R. A. Plant-disease notes from the central Andes. IL 
Phytopathology 19: 969-974. O 1929. 

Torrey, R. H. What will be the fate of Queens ponds? Torreya 
29: 139-141. illust 0 1929. 

Trelease, W. New Piperaceae from Central America and 
Mexico. Jour. Washington Acad. Sci. 19: 327-337. 19 

S 1929. 

Thirty-two new species are described. 

TJlbrich, E. Eine neue Aseroe aus Brasilien (A. rubra LaBill. 
var. brasiliensis Ulbrich var. nov.). Notizbl. Bot. Gart, 
Berlin 10: 717-723./. 11. 10 Jl 1929. 

Valleau, W. D. Tobacco mosaic control in Mexico. Phyto¬ 
pathology 19: 880. S 1929. 

Van. Hook, J. M. Indiana fungi. XL Proc. Indiana Acad. Sci. 
38: 127-131. 8 D 1929. 

VanHook, J. M. Some new species of fungi. Proc. Indiana 
Acad. Sci. 38: 131-132. 8 D 1928. 

Cercospora Cynoglossi , C. Rosae, Phyllosticta indianensis ef P. Rosae- 
setigerae, spp. nov. 
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Wagener, W. W. Lentinus lepideus Fr.: a cause of heart rot of 
living pines. Phytopathology 19: 705-712./. L Au 1929. 
Wai, N. A new species of mono-Mucor, Mucor Sufu , on Chinese 
soybean cheese. Science II. 70: 307-308. 27 S 1929. 

Waldron, L. R» The relationship of black chaff disease of wheat 
to certain physical and pathological characters. Science 
11.70: 268. 13 S 1929. 

Ware, J. O. Inheritance of lint percentage in cotton. Jour. 

Am. Soc. Agron. 21: 876-894./. 2-5. S 1929. 

Waterman* W. G. Sphagnum bogs in Illinois. Parks & Rec. 
12: 315-316. Au 1929. 

Watson, J. R. Control of root-knot. II. Florida Quart. Bulk 
Dep. Agr. 39 3 : 160-176. J1 1929. 

Watson, J. R. Plant diseases and pests. II. General garden 
insects and pests. Florida Quart. Bull. Dep. Agr. 39 3 : 
47-146. f. 58-111. J1 1929. 

WJeatherby], C. A. Seed versus sorus. Am. Fern Jour. 19:102- 
104. S 1929. 

Weatlierwax, P. Cleistogamy in Poa Chapmaniana. Torreya 
29: 123-124./. 1-4. O 1929. 

Weatlierwax, P. The morphology of the spikelets of six genera 
of Oryzeae. Am, Jour. Bot. 16: 547-555./. 1-10 , U JP 
4 S 1929. 

Weaver, J. £., & Clements, F. E. Plant Ecology, i-xx, 1-520. 
/. 1-262 frontispiece. New York, McGraw-Hill Book Co.,, 
1929. 

Weimer, J. L. Additional hosts of Fusarium oxysporum var. 

medicaginis . Jour. Agr. Res. 39: 351-353. 1 S 1929. 
Weimer, J. L. Some factors involved in the winterkilling of 
alfalfa. Jour. Agr. Res. 39: 263-283./. 1-4. 15 Au 1929. 
Weinberg, F. Echinocactus Iiertrichii Weinb. nova species. 

Desert 1: 40-41. Must, Au 1929. 

Weinberg, F. In quest of the golden spined Echinocereus . 
Desert 1: 58-59. S 1929. 

Weingart, W. Opuntia pailana spec/nov. Monats. Deutsch. 
Kakteen-GeselL 1: 167-169. Must. S 1929. 

A plant from Mexico. 

Weiss, F., & Brierley, P. Factors of spread and repression in 
potato wart. U. S. Dep. Agr. Tech. Bull. 56: 1-13. pi. L 
Mr 1928. 



1929 ) 


INDEX TO AMERICAN BOTANICAL LITERATURE 


577 


Weiss, F.-, Lauritzen, J. L., & Brieriey, P. Factors in the 
inception and development of Fusarium rot in stored 
potatoes. U. S. Dep. Agr. Tech. Bull. 62: 1-35. pi. 1-6 +/. 
1-4. My 1928. 

Welch, W. H. A contribution to the phytoecology of southern' 
Indiana with special reference to certain Ericaceae in a 
limestone area of the Bloomington quadrangle. Proc. 
Indiana Acad. Sci. 38: 65-83./. 1-3. 8 D 1928. 
Werdermann, E. Beitrage zur Kenntnis der Flora von Chile. 
IV. Notizbl. Bot. Gart. Berlin 10: 752-768. 10 jl 1929. 

Eleven new species in various genera are described. 

Werdermann, E. Plantae Raimondianae. Notizbl. Bot. Gart. 
Berlin 10: 724-751. 10 Jl 1929. 

Twenty new species from Peru are described. 

West, J. Silverskin. Jour. Cactus & Succ. Soc. Am. I s : 3-4. 
S 1929. 

Westley, E. Cultivation of ferns under lath in southern Cali¬ 
fornia. Am. Fern. Jour. 19: 91-95. S 1929. 

Weston, W. A. R. D. The effect of Tilletia caries (DC) TuL 
(T. Tritici (Bjerk.) Wint.) on the development of the 
wheat ear. Phytopathology 19: 681-685./. 1-5 . Jl 1929. 
Weston, W. H. Jr. A new Sclerospora from Fiji. Phytopath¬ 
ology 19: 961-967./. 1. 0 1929. 

Sclerospora Northi sp. nov. 

Wherry, E. T. Acidity relations of the Sarracenias. Jour. 
Washington Acad. Sci. 19: 379-390. /. 1. Must . 19 O 

1929. 

Sarracenia Jonesii sp. nov, is described. 

Wherry, E. T. Further occurrence of the Alleghany cliff-fern. 

Am. Fern Jour, 19: 101-102. S 1929. 

Wieland, G. R. Views of higher seed plant descent since 1879. 

Science II. 70: 223-228. 6 S 1929. 

Willaman, J. J., & Child, A. M. Influence of shape on the 
chemical composition of potato tubers. Plant Physiology 
4: 385-392. Jl 1929. 

Wilson, E. H. More aristocrats of the garden, i-xiv, 1-288. 
Must. Boston, Stratford Co., 1928. 
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Wilson, J. K* The presence of Rhizobium on agricultural seed* 
jour. Am. Soc. Agron. 21: 810-814. Au 1929. 

Winter, J. M. Some observations on the rate of mitosis in root 
tip meristems of Gladiolus . Trans. Am. Micros. Soc. 48: 
276-290. pi. 32. J1 1929. 

Woodworth, C. M., & Veatch, C. Inheritance of pubescence 
in soy beans and Its relation to pod color. Genetics 14: 
512-518. S 1929. 

Zimmerman, P. W. The Boyce Thompson Institute for Plant 
Research, Inc. Jour. Chem. Ed. 6: 1385-1402. Must. 
S 1929. 

Zimmerman, P. W., & Hitchcock, A. E. Vegetative propaga¬ 
tion of holly. Am. Jour. Bot. 16: 556-570. pi. 55-57. 
“J r 4 S 1929. 

Zirkle, C. Development of normal and divergent plastid types 
in Zea Mays. Bot. Gaz. 88: 186-203. pi. 10-12. 23 O 
1929. 

Corrected title (see page 116) 

Gez, j. W. Notas varias. An. Soc. Cient. Argentina 106: 
187-193. Must. O 1928. 

Notes on Cactaceae. 
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New names and the final members of m 

Abolboda poarchon 17; rigida 16 
Acer fioridanum 260, 264 
Achyrocline sat ureioides 407 
Aconitum columbianum 212; macilen- 
tum 211. 212 

Acrochaetium virgatulum luxurians 
206 

Aeschynomene filosa 395; laxa 395 
Aesculus Hippocastanum 520 
Agropyron repens 319, 320, 322 
Agropyron repens, Development of 
the pollen grain and the embryo 
sac of 319 
Akentra in data 111 
Algae from the Green river formation 
of Colorado, Fresh water 421 
Algae of Florida, Notes on the marine 
199 

Allomaieta grandiflora 98 
Alopecurus 411 

Alsine aquatica 472; media 471, 472; 

uliginosa 472 
Amblyarrhena 99 
Ambrosia 135 

American botanical literature, Index 
to 53, 113, 169, 217, 275, 325, 378, 
429, 555 

Anacardium excelsum 260, 264; occi- 
dentale 511 

Angiosperms—I. The nature of the 
pitting between tracheary and par¬ 
enchymatous elements, Histology 
of the wood of 259 
Anogra trichocalyx 294 
Anthoxanthum 410, 411; odoratum 
413, 415, 416, 420 

Anthurium Andersonii 8; expansum 
8; fissum 9; glaucophyllum 9; obo- 
vatum 9; potarense 9 
Antithamnion plumula 204 
Aralia wyomingensis 93 
Arisaema Dracontium 527, 533; tri- 
phyllum 527, 533 

Artanthe elongata 536; salviaefolia 
536 

Arundinaria gigantea 315, 317, 318; 
macrosperma 315-318; tecta 315, 
316, 318 

Arundinaria, Notes on 315 
Arundo gigantea 317, 318; tecta 317, 
318 

Asperococcus clavatus 205; echinatus 
205 "/ 

Astragalus adsurgens^ 545, 546, 548, 
549; adsurgens albiflorus 549; ad- 
surgens robustior 547, 548; agrestis 
550-552; agrestis polyspermus 551; 


; combinations are in bold face type. 

alpinus giganteus 539; anisus 543; 
Austinae 552; Bigelowii 541-543; 
Brauntoni 552; brevidens 550; 
Breweri 539, 554; canadensis 544- 
547; canadensis Morton i 546; 
carolinianus 544, 545; Chaetodcm 
552; Chandonnetii 548-550; chris- 
tianus 539; Crandallii 549; Earlei 
541, 542; flavus 547; giganteus 539; 
giganteus vaquianus 539; goniatus 
550-552; Halei 545; Hartmanii 
540; Humboldtii 541-543; hypo- 
glottis 550-552; hypoglottis brac- 
teatus 551; hypoglottis ochroleucus 
551; hypoglottis polyspermus 550, 
551; irolanus 542; Laxmanni 547; 
Lemmonii 539, 552-554; lentifor- 
mis 539, 552-554; Lyallii 552, 553; 
marcidus 543; Matthewsii 543; 
mogollonicus 543; mollissimus 540, 
542; Morton! 545-547; nitidus 
546, 548, 550; nitidus robustior 548;’ 
Nuttallii 553; Onobrychis 539, 554; 
oreganus 547; oreophilus 545; 
Orizabae541; orthanthus 540, 541 ; 
pachystachys 546, 547; Peckii 553; 
pervelutinus 542; reventoides 549; 
sanguineus 541; simulans 540; 
Spaldingii 552, 553; spicatus 545, 
546; striatus 545, 547-549; suc- 
cumbens 543; sulphurescens 548, 
549; Tarletonis 551; tener 554; 
terminalis 549; Thompsonae 542, 
543; Thompsonianus 542; Torreyi 
546; tristis 546; ventorum 547; 
virgultulus 551; yaquianus 539, 540 
Auto-irrigation of plants, A double- 
walled pot for the 139 
Avena 92, 322, 323; barbata 451-453, 
456, 458-463, 465-469; brevis 449, 
451, 452, 456, 458-470; fatua 324; 
nuda 453, 455-458, 460-462, 465- 
469; orientalis 452, 453, 456-458, 
460-462, 464-469; sativa 155, 451- 
453, 455-458, 460-463, 465, 467- 
469; sterilis 452, 453, 455-469; 
strigosa 449, 452-470; strigosa or- 
cadensis 468 
Azalea 343, 350 
Baccharis 406 

Bacterium tumefaciens 299-308, 310, 
314 

Barnadesia 124 
Beckmannia 411 

Beckwith, Angie M. Pilacre faginea 
proves to be a heterothallic fungus 
359 
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Bejaria Imthumii 401; Tatei 401, 408 
Berberis simplex 95 
Beta vulgaris 302 
Betula 262; lenta 261, 264 
Blepharoclon Steuclelianus 407; Ulei 
408 

Botanical literature, Index to 
American 53, 113, 169, 217, 275, 
325, 379, 429, 555 

Bowdichia nitida 396; parvifolia 396; 
virgilioides 396 

Bowen, Robert H. The use of os- 
mic-Impregnation methods in 33 
Bradley, Wilmot H. Fresh water 
algae from the Green river forma¬ 
tion of Colorado 421 
Brassica chinensis 479; pekinensis 479 
Brathys 100 

Brocchinia cordylinoides 405 
Brown, Clair A. Notes on Arun- 
dinaria 315 
Bruniera vivipara 356 
Buchnera rosea 407 
Bryopsis 252; ramulosa 203 
Caconapea auriculata 403; verticil- 
lata 403 

Calathea altissima 21; fragllis 21 
Calea ternifolia 408 
Callithamnion byssoideum 209; lux- 
urians 206; pellucidum 208; poly- 
spermum 207 

Calolsianthus Imthumiamis 402 
Calpidisca calycifida 404, 407; Hum- 
boldtii 404; roraimensls 405 
Camarea triphylla 511 
Campylosiphon 23 

Cancer transplants, A comparison of 
the behavior of crown gall and 299 
Cannabis sativa 527 
Capsosira 425 

Carbohydrate supply, Susceptibility 
of wheat to mildew as influenced 
by 65 

Carduus divaricatus 135 
Carex 341; Purdiei 407 
Carludovica 1, 2; bracteosa 6; coro- 
nata 5; funifera 5; glandulosa 8; in- 
safaris 3, 4; Kegeliana 7; latifrons 
7; nana 4, 5; palmata 1; pygmaea 
,3, 4; sarmentosa 6; stylaris 7 
Carpinus caroliniana 260, 264 
Cassia bauhiniaefolia 395; caroliniana 
511; Roraimae 395 
Castagnea virescens 205; Zosterae 205 
Castanea mollissima 480 
Caulerpa 228, 252; Ashmeadii 208; 

coccinia 205; taxifolia 205 
Celastrus fraxinifolius 93 
Centaurea 135 
Centrophyllum 135 


Cephaelis 406; Tatei 405 
Cerastium 471, 478, 479; aquaticum 
472, 473; deflexum 472; maximum 
472;scandens 473 

Chaetocarpus stipularis 397, 398; 

Schomburgkianus 398 
Chaetomorpha clavata 203 
Chamaecrista bauhiniaefolia 395; 
Roraimae 395 

Chelonanthus chelonoides 402; Schom- 
burgkii 402 

Chondria cnicophylla 203 
Chroococcus Westii 422 
Cichorium Intybus 346 
Cladophora fuliginosa 204; prolifera 
204 

Cladophoropsis 205 
Clarkia, with special reference to its 
relationship to Godetia, A study of 
the genus 181 

Clarkia Rreweri 182, 184, 187, 196; 
concinna 182, 184, 187, 195, 196; 
delicata 182, 184, 185, 187, 188; 
Eiseniana 191, 192; elegans 181- 

184, 187, 191, 192, 194, 293; 
gauroides 189; grandiflora 195, 196; 
modesta 181, 197; parviflora 192; 
pulchella 181-185, 187, 194, 294; 
rhomboidea 181-185, 187-190, 192, 
197; rhomboidea virgata 191; 
Saxeana 196; unguiculata 183, 191; 
virgata 190; Xantiana 182, 184, 

185, 187, 192 

Classification, A morphological study 
of some Phalarideae, with special 
reference to 409 

Classification of plants—III. The 
Nassauvinae, Pollen grains in the 
identification and 123 
Cleanthes 127-130, 133, 134; brasili- 
ensis 126; hieracoides 126 
Clusia rosea 407 
Coelastrum verrucosum 424 
Co lean thus 411 

Colorado, Fresh water Algae from the 
Green river formation of 421 
Colorado, New species of fossil plants 
from the Tertiary shales near De 
Beque, 93 

Comparison of the behavior of crown 
gall and cancer transplants, A 299 
Cornueopiae 411 

Costus bracteatus 20; erythrocoryne 
20; geothyrsus 20 
Cottoniella filamentosa 203 
Couepia macrophylla 511 
Cousinia 135 

Crinalium 426; endophyticum 423 
Crown gall and cancer transplants, A 
comparison of the behavior of 299 
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Crypsis 411 
Cucurbita 342 

Cummins, Margaret P. Develop¬ 
ment of the integument and ger¬ 
mination of the seed of Eleusine 
indica 155 

Cyphostyla hirsuta 99; villosa 99, 100 
Cyrilla brevifolia 398 
Cystoseira ericoides 206 
Dahlia 341, 349, 350 
Dalea spinosa 260 

Dayton, William A. Aconitum 
macilentum Greene 211 
Derbesia vaucheriaeformis 208 
Development of the integument and 
germination of the seed of Eleusine 
indica 155 

Development of the pollen grain and 
the embryo sac of Agropyron 
repens 319 
Dictyostega 23 

Dictyostelium 227-230, 234, 236, 
237, 243-245, 247, 249, 256, 257 
Dieffenbachia paludicola 10 
Dilophus 208 

Double-walled pot for the auto¬ 
irrigation of plants, A 139 
Draba Jaegeri 164, 165; Mulfordae 
165; Paysonii 165; sterosperma 
165; uncinalis 165 
Drosera montana Roraimae 403 
Ectocarpus confervoides 208 
Ehrharta 411, 417 
Eleusine 156, 160, 161; indica 155 
Eleusine indica, Development of the 
integument and germination of the 
seed of 155 

El leant h us aureus 407 
Embryo sac of Agropyron repens, 
Development of the pollen grain 
and the 319 

Emmeorhiza umbellata 407 
Enteromorpha compressa 204; ramu- 
losa 204 

Epidendrum repens 407 
Epilobium 296; nevadense 166, 167; 

niyium 163, 167; paniculatum 167 
Equisetum 46 
Eriocaulon Humboldtii 407 
Erysiphe graminis 68, 92 
Eubrathys 100 

Eucharidium 182-186, 294; Breweri 
183, 196; concinnum 183, 195; 
grandiflorum 183, 195 
Eucheuma isiforme 209 
Euclarkia 182, 184-186 
Eupatorium inulaefolium 407; laevi- 
gatum 407 
Evodianthus 1 


Fabaceae—XII. Astragalus. Notes 
on 539 

Fagopsis longifolia 93 
Ficus 392; elastica 302 
Fingerhuthia 411 

Flora of northern South America, 
Studies on the:—XL New or note¬ 
worthy monocotyledons from Bri¬ 
tish Guiana 1;—XII. 97;—XIII. 
The Tate collection from Mount 
Roraima and vicinity 391 
Florida, Notes on the marine algae of 
199 

Flowering of Lemnaceae, The 351 
Fossil plants from the Tertiary shales 
near De Beque, Colorado, New 
species of 93 

Fresh water Algae from the Green 
River formation of Colorado 421 
Frost, Frederick H. Histology of 
the wood of angiosperms—I. The 
nature of the pitting between 
tracheary and parencymatous ele¬ 
ments 259 
Fuchsia fulgens 287 
Fungus, Pilacre faginea proves to be 
a heterothallic 359 
Gauropsis lancifolia 197 
Gelidium crinale 203 
Genus Viburnum in northwestern 
South America, The 265 
Genus Weinmannia in northern 
South America, The 361 
Germination of the seed of Eleusine 
indica, Development of the integu¬ 
ment and 155 

Gleason, H. A. Studies on the flora 
of northern South America—XI. 
New or noteworthy monocotyledons 
from British Guiana 1;—XII, 97; 
—XIII. The Tate collection from 
Mount Roraima and vicinity 391 
Godetia 181-186, 294; biloba 182, 
184, 185; delicata 188; Dudleyana 
185; epilobioides 182, 184, 185, 
189, 197; hispidula 182; latifolia 
189, 190; purpurea 184; Whitneyi 

182 . 

Godetia, A study of the genus Clarkla, 
with special reference to its rela¬ 
tionship to 181 

Gordonia lasianthus 260, 261, 264 
Gracilaria arcuata 206; armata 207; 
biflabellata 207; cornea 207; dura 
207; ferox 207; helminthochorton 
207; lacinulata 207; tridactylites 
207 

Graffenrieda obliqua 408 
Green River formation of Colorado, 
Fresh water algae from the 421 
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Griffiithsia corallina 2D8; globulifera 
208 

Gymnosiphon AltsonI 23; breviflomm 
'22, 23; gtiianense 22, 23 
Gviunosporangium 342 
Habenaria decipiens 407 
Halicystis 203, 209 
Hamosa Andersonii 552; tenera 554 
Hapalosiphon aureus 423; conferva- 
ceus 423 ; flexuosus 423 
Harper, R. A. Morphogenesis in 
Polysphondylium 227 
Hartmannia rosea 286; speciosa 286; 
tetraptera 285, 286, 288, 291, 292, 
294, 295 

Hartmannia tetraptera, Studies in 
the morphology of the Onagraceae 
—I. The megagametophyte of 285 
Hecastocleis Shockley! 348 
Helianthus annuus 293 
Helminthocladia Calyadosii 206; di- 
varicata 206 
Her pest ris gracilis 403 
Hesperastragalus 554 
Heterothallic fungus, Pilacre faginea 
proves to be a 359 
Hicoria pecan 261, 264 
Hierochloe 412 
Hiptage Madablota 511 
Hirtella Sprucei 511; triandra 511 
Histology of the wood of angio- 
sperms—I. The nature of the 

pitting between tracheary and 
parenchymatous elements 259 
Hitchcock, C. Leo (See Munz, 
Philip A. 181) 

Holcus halepensis 155 
Holljck, Arthur. New species of 
fossil plants from the Tertiary 
shales near De Beque, Colorado 93 
Hordeum 47; vulgare 52 
Humulus japonicus 527 
Hyacinthus 36, 47; orientalis 52 
Hydrocoleum comoides 202; lyng- 
byaceum 202; penicillatum 200, 201 
Hydrolea multiflora 402 
Hyoscyamus albus 511 
Hypericum 100; aciculare 101; Bra- 
thys 102, 105; bryoides 102, 103; 
caracasanum 103; carinosum 102, 
103; chamaemyrtus 102; gnidioides 
102; Hartwegi 102; Holtoni 102, 
104; Jahnii 102, 105; Jussiaei 102, 
106, 400; lancifolitim 102, 105; 
laricifolium 102, 104; laricoides 
102, 104; Lindenii 102; loxense 102; 
mexicanum 103, 107; myricarii- 
folium 102; Phellos 103, 106,400; 
pimelioides 103; platyphyllum 103, 
106, 107; quitense 102; roraimense 


399, 400, 408; stenopetalum 103; 
strictum 102, 104, 105; strictum 
compactiim 104, 105; strictum re~ 
ductum 104; struthiolaefolium 102, 
105; struthiolaefolium compactum 
104; thuyoides 101; thymifolium 

102, 106, 400; Weberbaueri 102, 

103, 105 

Hypnea robusta 207 
Impatiens glanduligera 520; tricornis 
520 

Index to American Botanical 
Literature 53, 113, 169, 217, 275, 
325, 378, 429, 555 

Integument and germination of the 
seed of Eleusine indica, Develop¬ 
ment of the 155 
Isachne 411 

Ivesia Bailey i 166; Jaegeri 165; 
setosa 166 

Jatropha Curcas 213, 214; gossypi- 
folia 214; herbacea 214; Manihot 
214, moluccana 214; multifida 213, 
214; urens 213-215 
Jatropha, Type of the genus 213 
Johansen, Donald A. Studies in 
the morphology of the Onagraceae 
—I. The megagametophyte of 
Hartmannia tetraptera 235 
. Juncus acuminatus 31, 32; alpinus 
pallida 30; bicornis 26, 27; brachy- 
cephalus 32; brevicaudatus 29-32; 
canadensis 29, 31, 32; canadensis 
brachycephalus 32; canadensis co~ 
arctatus 30; canadensis longicauda- 
tus 31; coarctatus 29, 31, 32; 
coriaceus 38; dichotomus 25, 27; 
Dudleyi 26; effusus 28, 533; fill- 
formis 28; germanorum 25; Gesneri 
27; gracilis 27; longicaudatus 31; 
macer 27; nodosus 26; platycaulos 
27; setaceus 27, 28; Smith ii 27; 
tenuis 25-27 
Juncus names, Some 25 
Jungia 125, 128, 130, 13.1, 133, 136; 

fioribunda 126, 138; paucillora 126 
Jussiaea 392 
Jussieua 295 
Jussievia 213 

Killip, E. P., and A, C. Smith. The 
genus Viburnum in northwestern 
South America 265; The genus 
Weinmannia in northwestern South 
America 361 

Kneiffia fruticosa 295; linearis 295; 

linifolia 295 
Larbrea aquatica 472 
Lantana mixta 403 
Lathraea 350 
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Laurencia gemmifera 204; obtusa 
204; Poitei 204 

Lemna gibba 352, 354, 356, 358; 
major 352; minor 351, 353, 354, 
356; perpusilla 352, 354; polvrrhiza 
356; Torreyi 354; trisulca 353, 354, 
356; valdiviana 354 
Lemnaceae, The flowering of 351 
Lepocinclis teres 424 
Lesquerella Hiichcockii 163, 164 
Leuceria 127, 129, 133, 134; anthemi- 
difolia 126; paniculata 126; pur¬ 
purea 126; tenuis 126 
Levine, Michael. A comparison of 
the behavior of crown gall and 
cancer transplants 299 
Licania macrophylla 511 
Liquidanjber styraciflua 260, 261 
Liriodendron 262 

Lisianthus Imthurnianus 402; Quelchii 
402 

Literature, Index to American 
Botanical 53, 113, 169, 217, 275, 
325, 378, 429, 555 
Lithophyllum bermudense 204 
Lithothamnium floridanum 204 
Lomatia terminalis 93; tripartita 93 
Ludovia 1 
Lychnis 478 

Lycopersicum esculentum 302 
Lyngbya confervoides 202; lutea 202 
Mackenzie Kenneth K. Some 
Juncus names 25; Type of the genus 
Jatropha 213 

Magnolia 262; acuminata 260 
Mahonia 95 

Mahurea exstipulata 408 
Malachia aquatica 472 
Malachium aquaticum 472, 478; 

aquaticum alpinum 473, 481; aqua¬ 
ticum angustatum 473, 481; aquati¬ 
cum arenarium 473,481; aquaticum 
arenosum glomeratum 474; aqua¬ 
ticum hungaricum 471, 481; aquati¬ 
cum saxatile 473; aquaticum scan- 
dens 473; aquaticum silvaticum 

molle 474, 481; calycinum 473 
Malaxis hastilabia 407 
Malus coronaria 261, 264 
Mandevilla Schomburgkii 402 
Marine algae of Florida, Notes on the 
199 

Maripa acuminata 108; axilliflora 
107, 108; cayennensis 107, 108, 

110; colombiana 109, 110; cordi- 
folia 107, 109, 110; densiflora 107, 
109, 110; erecta 107, 108, 110; 

glabra 107, 109, 111; longifolia 
107, .109, 111; maxilliflora 109; 


nicaraguensis 107, 109, 110; pana- 
mensis 107, 109, 110; paniculata 
107; passifloroides 107-109; repens 
107, 109, 110; reticulata 107; 

scandens 107-110; scandens albi¬ 
cans 107; scandens argentea 107; 
spectabilis 108; tenuis 107; villosa 
108 

Matzke, Edwin B. A morphologic 
study of the variations in Stellaria 
aquatica with special reference to 
symmetry and sterility 471 
Megagametophyte of Hartmannia 
tetraptera, Studies in the morphol¬ 
ogy of the Onagraceae—I. The 285 
Meisneria cordifolia 400 
Melandrium 478 
Melochia parvifolia 398 
Miconia 99 

Microcoleus chthonoplastes 202 
Microlaena 411 

Microspora pachyderma 424, 425 
Mikania micrantha 407 
Mildew as influenced by carbohydrate 
supply, Susceptibility of wheat to 
65 

Monocotyledons from British Guiana, 
Studies on the flora of northern 
South America—XL New or note¬ 
worthy 1. 

Monostroma latissimum 202 
Montinia 285 

Morphogenesis in Polysphondylium 
227 

Morphologic study of the variations 
in Stellaria aquatica with special 
reference to symmetry and sterility, 
A 471 

Morphological study of some Phalari- 
deae, with special reference to 
classification, A 409 
Morphology of the Onagraceae—I. 
The megagametophyte of Hart¬ 
mannia tetraptera 285 
Moscharia 128, 129, 133, 134; pinnati- 
fida 126 

Mount Roraima and vicinity, Studies 
on the flora of northern South 
America—XIII. The Tate collec¬ 
tion from 391 

Mouroucoa violacea 107-109 
Mowery, May. Development of the 
pollen grain and the embryo sac of 
Agropyron repens 319 
Munz, Philip A. New plants from 
Nevada 163 

Munz, Philip A., and C. Leo 
Hitchcock. A study of the genus 
Clarkia, with special reference to 
its relationship to Godetia 181 
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Musa 94 

Myoporum parvifolium 521 
Myosanthus aquations 472 
Myosoton aquaticum 472 
Myrica coloradensis 93; drymeja 93; 

praedrymeja 93 
Nardus 411 

Nassauvia 125, 126,128-133; pungens 
126; pyramidalis arachnoidea 126; 
serpens 126 

Nassauvinae, Pollen grains in the 
identification and classification of 
plants—III. The 123 
Nature of the pitting between trache 
ary and parenchymatous elements 
Histology of the wood of angio 
sperms—I., The 259 
Nematopus 17 
Nephradenia acerosa 407 
Neurocarpus 208 
Neurospora 350 
Nevada, New plants from 163 
New physiologic races of the 
smuts 449 

New plants from Nevada 163 
New species of fossil plants from the 
Tertiary shales near De Beque, 
Colorado 93 

Nicotiana afftnis 302, 307; Tabacum 
302, 308, 309 

Not Piper angustifolium Lamarck: 

not Piper elongatum Vahl 535 
Notes on Arundinaria 315 
Notes on Fabaceae—XII 539 
Notes on the marine algae of Florida 
199 

Nouelia 132 

Oat smuts, New physiologic races of 
the 449 

Odostemon nutkanus 95; pallidus 95; 

Reynoldsii 95; simplex 95 
Oenothera 183-186; Childsii 286; 
elegans 191; mexicana rosea 286; 
pulchella 194; rhomboidea 189, 
197; rosea 285; rubrinervis 287, 
297; tetraptera 285, 286, 296; 
tetraptera Childsii 286 
Onagraceae—I. The megagameto- 
phyte of Hartmannia tetraptera, 
Studies in the morphology of the 
235 

Onobrychides 539, 547 
Opsianthes 186; gauroides 189 
Orchyllram Campbellianum 405; 
Quelchii 405 

Origin of symmetry patterns of pollen 
grains, The 339 
Orontium 94 
Orthopolygala 397 


Osmic-impregnation methods in plant 
cytology, The use of 33 
Ostrya 262; Knowltonii 261, 264 
Ouratea rigida 399; Tatei 398 
Olytenia 134, 135 

Padina Commersonii 205; Pavonia 
205; Sanctae-Crucis 205 
Paepalanthus biformis 394; capilla- 
ceus 14; Jenmani 14; Schomburkgii 
16 

Palicourea obtusata 408 
Pamphalea 127, 129, 133; bupleuri- 
folia 126; heterophylla 126 
Panicum 409; carannasense 407; 
cyanescens 407 

Parenchymatous elements, Histology 
of the wood of angiosperms—I. 
The nature of the pitting between 
tracheary and 259 
Parinarium Gardner! 511 
Paspalum contractum 407 
Passiflora 392; sclerophylla 408 
Pediastrum 123, 124, 136, 251, 256, 
350, 424 
Peltandra 94 
Penicillium glaucuni 77 
Peperomia basellaefolia 407; Rox- 
burghiana 535 

Perezia 125, 127, 128, 130-133; 
Wright ii 126 

Petunia nyctaginiflora 511 
Phaca neglecta 544; mollis 541 
Phacus caudata 423 
Phaeostoma 182-187; Douglasii 189, 
191; elegans 183, 191; parviflora 
192, 193; rhomboidea 183, 189; 
Xantiana 183, 192 

Phalarideae, with special reference 
to classification, A morphological 
study of some 409 

Phalaris 410, 41,1; arundinacea 413, 
415, 420; canadensis 413-420 
Philodendron Demerarae 11; di- 
scoreoides 12; micans 12; platypodum 
11; subsessile 12 

Physiologic races of the oat smuts, 
New 449 
Phytolacca 392 
Piaropus 94 

Pilacre faginea proves to be a hetero- 
thallic fungus 359 

Piper aduncum 537; angustifolium 
535-538; celtidifolium 537; con- 
sanguineum 538; elongatum 535- 
538; grain ulosum 537; hexandrum 
537; multinervium 537; Ossanun 
537; purpurascens 536; salviae- 
folium 536; Schlechtendahlianum 
538; subrectinerve 537 
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Piper angustifolium Lamarck: not 
Piper elongatum Vahl, Not 535 
Pisum sativum 52 

Piant cytology, The use of osmic- 
impregnation methods in 33 
Plants, A double-walled pot for the 
auto-irrigation of 139 
Plants from Nevada, New 163 
Plants from the Tertiary shales near 
De Beque, Colorado, New species 
of fossil 93 

Plants—III. The Nassauvinae, Pol¬ 
len grains in the identification and 
classification of 123 
Plasmodiophora Brassicae 147, 153 
Platan us Wright ii 261 
Pleurothallis vaginata 295, 407 
Poa 322, 409; annua 155; compressa 
155, 162, 323, 324; pratensis 155, 
162,323,324 
Poecilandra retusa 408 
Pollen grain and the embryo sac of 
Agropyron repens, Development of 
the 319 

Pollen grains in the identification and 
classification of plants—III, The 
Nassauvinae 123 

Pollen grains, The origin of symmetry 
patterns of 339 

Polyachyrus 127, 129, 133, 134; 

sphaerocephalus 126, 138 
Polygala adenophora 407; Fendleri 
407; gracillima 397; microspora 
397; Spruceana 397; subtilis 397 
Polypogon 411 

Polysiphonia foeniculacea 207; hirta 
207 

Polysphondylium, Morphogenesis in 
227 

Polysphondylium violaceum 227-258 
Polytrichum commune 52 
Pontederia 94; cordata 94 
Pontederites thecoides 94 
Populus 262 
Potent ilia 166 

Proustia 124, 126, 128, 130-133; 
Krugiana 126; pungens 126; pyri- 
folia 126; Vanillosma 126 
Psilocarya monostachya 392 
Pterolepis glomerata 407 
Pteromischum 11; cannifolium 11 
Ptychomeria 22 . 

Puccinia coronata 67; coronifera 65; 
graminis Tritici 92; Sorghi 67, 73; 
Tritici compacti 92 
Qualea macropetala 521; Schomburg- 
kiana 396 

Quercus castaneopsis 93 
Rapanea guyanensis 407 
Rapatea viscosa 18 


Reed, George M. New physiologic 
races of the oat smuts 449 
Rhizocionium riparium 203 
Rhizopus stolonifer 239 
Rhodospatha Melinoni 13; venosa 12 
Rhus coriarioides 93 
Ricinus 46, 308, 310, 312; communis 
52, 302, 307 

Riecken, William E. A morpholo¬ 
gical study of some Phalarideae, 
with special reference to classifica¬ 
tion 409 

Rydberg, Per Axel. Notes on 
Fabaceae—XII 539 
Saeger, Albert. The flowering of 
Lemnaceae 351 
Salix 262 

Salpiglossis sinuata 343, 344, 350, 511 
Salvertia convallariodora 520 
Sambucus callicarpa 261, 264; coeru- 
lea 261, 264; Simpsonii 260, 264 
Sarcinanthus 1, 7 

Sargassum cymosum 209; dentifolium 
206; pteropleuron 206 
Saxifraga granulata 511; sarmentosa 
511 

Schizanthus retusus 511 
Schizoplacium 8, 10 
Scinaia complanata 206; furcellata 
206 

Scolymus 350 
Sedum spectabile 91 
Seed of Eleusine indica, Development 
of the integument and germination 
of the 155 
Semaeophyllium 9 
Serjania 520 
Setaria 411 

Setiscapella subulata 407 
Silene 474 

Sipanea galioides 408 
Sipanthera cordifolia 400; microlici- 
oides 400 

Smilax latipes 19; Schomburgkiana 
19 

Smith, A. C. (See Killif, E. P.) 
265, 361 

Smuts, New physiologic races of the 
oat 449 

Some Juncus names 25 
South America—XL New or note¬ 
worthy monocotyledons from Bri¬ 
tish Guiana, Studies on the Flora 
of northern 1 

South America—-XII, Studies on the 
flora of northern 97;—XIII. The 
Tate collection from Mount Ror- 
aima and vicinity 391 
South America, The genus Viburnum 
in northwestern 265 
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South America, The genus Weinman- 
nia in northern 361 
Spatoglossum Schroederi 209 
Spergula arvensis 479 
Spermothamnion pellucidum 208 
Sphaerostigma 'Veitchianum 294 
Spirodela oligorhiza 353; polyrhiza 
351-353, 355, 356, 358; punctata 
353; pusilla 353 

Spvridia aculeata 209; aculeata hyp- 
neoides 209; filamentosa 209 
Staphylea acuminata 96; trifoliata 
96; Viridifiumixiis 96 
Steffensia elongata 536 
Stegolepis amgustata 18; ferruginea 
18; guianensis 18 

Stellaria aquatica with special refer¬ 
ence to symmetry and sterility, A 
morphologic study of the variations 
471 

Stellaria media 471, 472, 474, 475, 
480, 482, 483, 496, 503, 531; media 
aquatica 472; pentagyna 472; 
uliginosa 472 

Stelostylis 1, 7; coriacea 7 
Stemonitis 252 
Stenogramme interrupts 206 
Stenotus lanuginosus 341, 348 
Sterility, A morphologic study of the 
variations in Stellaria aquatica 
with special reference to symmetry 
and 471 

Stigeoclonium lubricum 425 
Stigmaphyllon 511 
Stomoisia juncea 407; spicata 404 
Struvea pulcherrima 203 
Studies in the morphology of the 
Onagraceae—I. The megagameto- 
phyte of Hartmannia tetraptera 
285 

Studies on the flora of northern South 
America—XI. New or noteworthy 
monocotyledons from British Gui¬ 
ana 1;—XII. 97;—XIII. The 
Tate collection from Mount Ror- 
aima and vicinity 391 
Study ^ of some Phalarideae, with 
special reference to classification, A 
morphological 409 

Study of the genus Oarkia, with spe¬ 
cial reference to its relationship to 
Godetia, A 181 

Study of the variations in Stellaria 
aquatica with special reference to 
symmetry and sterility, A morph¬ 
ologic 471 

Susceptibility of wheat to mildew as 
influenced, by carbohydrate supply 
65 

Symbolanthus Quelchii 402 


Symplocos chiriquensis 260, 264 
Syngonanthus anomalus 15; biformis 
"394, 395, 408; brevifolius 14, 15; 
glandulosus 394, 408; gracilis 395; 
longipes 15; simplex 394, 395; 
tricostatus 16; xeranthemoid.es 16; 
Syngonium coixnatum 13, ternatum 
13; yurimaguense 14 
Tate collection from Mount Roraima 
and vicinity, Studies on the flora 
of northern South America—XIII. 
The 391 

Taylor, Wm. Randolph. Notes on 
the marine algae of Florida 199 
Tertiary shales near De Beque, Colo¬ 
rado, New species of fossil plants 
from the 93 

Tetraedron regulars torsum 424 
Tetrarrhena 411 
Thrasya petrosa 407 
Tibouchina mollis 400; pseudomollis 
400, 408 

Tofieldia rupestris 18 
Torresia 410, 411; odorata 412, 413, 
415, 416, 420 

Trachypogon plumosus 407 
Transplants, A comparison of the be¬ 
havior of crown gall and cancer 299 
Trapa 285 

Trelease, Sam, F., and Helen M. 
Trelease. Susceptibility of wheat 
to mildew as influenced by carbo¬ 
hydrate supply 65 

Trelease, William. Not Piper an- 
gustifolium Lamarck: not Piper 
elongatum Vahl 535 
Trigonia simplex 511 
Triptilion 125, 129 133; Benaventit 
126, 131; cordifolium 126, 131; 
euphrasioides 126, 131, 138; spino* 
sum 126 

Triticum 92, 321, 322; vulgare 155 
Trixis 125, 127, 130-134, 136; au¬ 
gust if olia 126, 130; corymbosa 126, 
138; frutescens 126; involucrata 
126; radialis 126 
Turura 21 

Type of the genus Jatrbpha 213 

Udotea conglutinata 208 

Ulva fasciata 203; Lactuca latissima 

203 

Urvillea 520 

Use of osmic-impregnation methods 
in plant cytology, The 33 
Ustilago Avenae 499, 451-453, 456, 
458, 460, 463, 468, 469; levis 449, 
462, 463, 467-469 

Utricularia Benjaminiana 111; caly- 
cifida 404; Campbelliana 405; 
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Humboldt ii 404; in data Ill; Quel- 
chii 405; puberula 111; roraimensis 
405; spicata 404 
Valonia 209 

Viburnum 392; anabaptista 267, 268; 
apiculatum 266, 270; comifolium 
266, 273; divaricatum 266, 273; 
floccosum 266, 272; fragile 266, 
271; glabratum 265, 268, 269, 270; 
lasiophyllum 265, 266; Lehmannti 
266; leptophyllum 266, 271, 272;' 
leptophyllum vemezuelense 266; 
pichinchense 265. 267, 268; pich- 
inchense toledense 265, 268; rorai- 
mense 406, 408; suratense 266, 
270; Toroids 266; triphyllum 265, 
269; Urbani 267, 268 
Viburnum in northwestern South 
America, The genus 265 
Vicia Faba 50, 52 
Vidalia obtusiloba 209 
Viscaria 478 
Vochysia oppugnata 521 
Weinmannia 392; auriculifera 361, 

362, 364; Balbisiana 362, 365-367; 
calothyrsa 362, 364; caripensis 363, 
371-373, 377; caucana 362, 365; 
cinerea 367; cochensis 368; crenata 

361, 362, 366, 368; descendens 

363, 372; elliptica 362, 365; Eng- 
leriana 363, 375; fagaroides 363, 
368,j569, 371, 376; glabra caripen¬ 
sis 372; guanacasana 375; guyanen- 
sis 362, 367; heterophylla 361, 362, 
365; hirtella 375; Karsteniana 362- 
364; Kunthiana 366; lamprophylla 
366; latifolia 362, 365; laurina 366; 
laxiramea 363, 367, 398, 408; 
Lehmannii 362, 364; macrophylla 

362, 365; Mariquitae 363, 375; 
microphylla 362, 368; multijuga 


.363, 374; nervosa 372; nitida 372; 
ovata 366; pinnata 372; platyptera 
363, 370; pubescens 363, 376; 
pubescens popayanensis 363, 376; 
Rollotii 362, 365;^ rugosa 365; 
sorbifolia 366, 367; Spruceana 

366, 367; stenocarpa 362, 368; 
Stuebelii 363, 374; sulcata 363, 
375; Tansbergiana 363, 371, 377; 
tomentosa 363, 376; Trianae 363, 
375; vegasana 363, 370; vene- 
zuelensis 363, 371, 372, 398, 407 
Weinmannia in northern South Amer¬ 
ica, The genus 361 

Wheat to mildew as influenced by 
carbohydrate supply, Susceptibility 
of 65 

Wilson, J. Dean. A double-walled 
pot for the auto-irrigation of 
plants 139 

Wodehouse, Roger P. Pollen grains 
in the identification and classifica¬ 
tion of plants—III. The Nas- 

sauvinae 123; The origin of sym¬ 
metry patterns of pollen grains 
339 

Wolffia arrhizu 355; brasiliensis 355; 
Columbiana 355, 356; cylindracea 
355; hyalina 355; microscopica 355; 
papulffera 351, 355, 356, 358; 
repanda 355; Welwitschii 355 
Xanthium 135 
Xylopleurum 395 

Xyris concinna 394; cyperoides 17; 
decussata 392, 408; Grisebachii 
17; guianensis 17; Jupicai 407; 
Roraimae 408; spectabilis 393; 
submontana 393, 408; subuniflora 
17; witsenioides 393 
Zauschneria californica 294 
Zea 322; Mays 155, 162, 527 
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